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MACRpCYCLIC ISOQUINOLINE PEPTIDE 
mmPTTORS OF ITCPATTTIS C VBRUS 

5 FIELD OF THE INVENTION 

The present invention is generally directed to antiviral compounds, and more 
specifically directed to compounds which inhibit the functioning of the NS3 protease 
(also referred to herein as "serine protease") encoded by Hepatitis C virus (HCV), 
10 compositions comprising such compounds, and methods for inhibiting the 
functioning of the NS3 protease. 

BACKGROUND OF THE INVENTION 

HCV is a major human pathogen, infecting an estimated 1 70 million persons 
worldwide - rougjily five times the number infected by human immunodeficiency 
virus type 1. A substantial firaction of these HCV infected individuals develop serious 
progressive liver disease, including cirrhosis and hepatocellular carcinoma. (Lauer, 
G. M.; Walker, B. D. K Engl J. Med. (2001), 345, 41-52). 

Presently, the most effective HCV then^y employs a combination of alpha- 
interferon and ribavirin, leading to sustained efficacy in 40% of patients. (Poynard, T. 
et al Lancet (1998), 352> 1426-1432). Recent clinical results demonstrate that 
pegylated alpha-interferon is superior to unmodified alpha-interferon as monotherapy 
(Zeuzem, S. et al. N. Engl J. Med, (2000), 343. 1666-1672). However, even with 
experimental therapeutic regimens involving combinations of pegylated alpha- 
interferon and ribavirin, a substantial fraction of patients do not have a sustained 
reduction in viral load. Thus, there is a clear and unmet medical need to develop 
effective therapeutics for treatment of HCV infectioiL 

HCV is a positive-stranded RNA virus. Based on a comparison of the 
deduced amino acid sequence and the extensive similarity in the 5* imtranslated 
region, HCV has been classified as a separate genus in the Flaviviridae family. All 
members of the Flaviviridae family have enveloped virions that contain a positive 
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stranded RNA genome encoding all known viixis-specific proteins via translation of a 
single, uninterrupted, open reading frame. 

Considerable heterogeneity is found within the nucleotide and encoded amino 
5 acid sequence throughout the HCV genome. At least six major genotypes have been 
characterized, and more than SO subtypes have been described. The major genotypes 
of HCV differ in their distribution worldwide, and the clinical significance of the 
genetic heterogeneity of HCV remains elusive despite numerous studies of the 
possible effect of genotypes on pathogenesis and therapy. 

10 

The single strand HCV RNA genome is approximately 9500 nucleotides in 
length and has a single open reading frame (ORF) encoding a single large polyprotein 
of about 3000 amino acids. In infected cells, this polyprotein is cleaved at multiple 
sites by cellular and viral proteases to produce the structural and non-structural (NS) 

15 proteins. In the case of HCV, the generation of mature non-structural proteins (NS2, 
NS3, NS4A, NS4B, NS5A, and NS5B) is effected by two viral proteases. The first 
one cleaves at the NS2-NS3 jxmction; the second one is a serine protease contained 
within the N-terminal region of NS3 and mediates all the subsequent cleavages 
downstream of NS3, both ia cis, at the NS3-NS4A cleavage site, and in trans, for the 

20 remaining NS4A-NS4B, NS4B-NS5A, NS5A-NS5B sites. The NS4A protein appears 
to serve multiple functions, acting as a cofactor for the NS3 protease and possibly 
assisting m the membrane localization of NS3 and other viral replicase components. 
Complex formation between the NS3 protease domain and its cofactor, NS4A, is 
essential for efficient proteolytic cleavage of the four respective sites. The NS3 

25 protein also exhibits nucleoside triphosphatase and RNA helicase activities. NS5B is 
a RNA-dependent RNA polymerase that is involved in the replication of HCV. 

Among the compounds that have demonstrated efficacy in inhibiting HCV 
replication, as selective HCV serine protease inhibitors, are the macrocyclic peptide 
30 compounds disclosed in International Application PCT/CAOO/00353 (Publication No. 
WO 00/59929). 



SUMMARY OP THE INVENTION 
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The present invention provides macrocyclic isoqninoline compounds of the 
following formula: 

5 A compound of formula I: 




I 

10 

wherein: 

(a) Ri, R2, R3, R4. R5 and R^ are each independently H; Ci^ alkyl; C3-7 
15 cycloalkyl; Ci^ alkoxjr, C3-7 cycloalkoxjr, halo-Ci-6 alkoxy; halo-Ci-6 alkyl; 

cyano; halo; hydroxyl; Ci^ alkanoyl; nitro; amino; mono or di-(Ci^) alkyl 
amine; mono or di-iCsj?) cycloalkyl amine; mono or di-Ci-e alkylamide; mono 
or di-CCs-y) cycloalkyl amide; carboxyl; (Ci-e) carboxyester; thiol; Ci-6 
thioalkyl ; Ci-6alkylsulfoxide;Ci-6alkylsulfone; Ci^alkylsulfonamide; Ce-io 
20 aryl optionally substituted with Het; C7-14 allQrlaryl; Q-io aryloxy; C7-14 
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alkylaryloxy; 5-7 membered monocyclic heteroaryloxy; or Het; said Ri to R6 
optionally attached to the isoquinohne group by a Ci^ alkyl linking group; 

(b) R7 is NH2 or -NRioRi 1; wherein Rio is Ci^ alkyl, Ci-6 haloalkyl, 

5 C(0)-NRi2Ri3, C(0)-0Ri4, C(0>SRi5, or -C(0)-Ri6; Rn is H, Ci^ alkyl or 

Ci-6 haloalkyl, provided that if either R12 or R13 is H then Rn is H; 
R12 and Ri3 are each independently H; Ci-6 alkyl, Ca-ycycloalkyl or C4-10 
alkylcycloalkyl, each optionally substituted with halo, C1-3 alkoxy, C1-3 
haloalkoxy, C1-3 alkyl or C1.3 haloalkyl; or aryl; and wherein R12 and R13 

10 together with the nitrogen to which they are bonded can form a 4-7 membered 

heterocycle; R14 and R15 are each independently alkyl, C3-7 cycloalkyl or 
C4-io alkylcycloalkyl, each optionally substituted with halo, C^s alkoxy, C1-3 
haloalkoxy, C1-3 alkyl or Cu3 haloalkyl; aryl or Het; Rieis H; Ci^ alkyl, C3-7 
cycloalkyl or C4-10 alkylcycloalkyl, each optionally substituted with halo, C1-3 

15 alkoxy, C1-3 haloalkoxy, C1-3 alkyl or C1.3 haloalkyl; aryl or Het; 

(c) Rs and R9 are each independently H or C1.3 alkyl optionally 
substituted with halo, or C1.3 alkoxy, or C1-3 haloalkox}^ 

20 (d) Q is a C3-9 saturated or unsaturated chain optionally containing one to 

three heteroatoms independently selected from O, S(0)in; wherein m is 0, 1 or 
2, or NR17, wherein R17 is H; Ci^ alkyl or Ci-6 cycloalkyl, each optionally 
substituted with halo, Ci-6 alkoxy, cyano or Ci^ haloalkoxy; -C(0)-Ri8. C(0)- 
OR19, C(0)-NR2oR2i or -SO2R22; R18, R2o.and R21 are each independently H; 

25 Ci-6 alkyl or Ci-6 cycloalkyl, each optionally substituted with halo, Ci-e 

alkoxy, cyano or Ci^ haloalkoxy; R19 is Ci-6 alkjd or Ci-6 cycloalkyl, each 
optionally substituted with halo, Ci^ alkoxy, cyano or Ci-6 haloalkoxy; 
R22 is aryl, Ci-6 alkyl or Ci-6 cycloalkyl, each optionally substituted with halo, 
Ci^ alkoxy, cyano or Ci-6 haloalkoxy; and 



30 



(e) W is OH, - NH-SOn-R23, or NH-SOa- R24; wherein n is 1 or 2, R23 is 
CU alkyl, C4-10 alkylcycloalkyl, unsubstituted C3-7 cycloalkyl, or cyclopropyl 
or cyclobutyl optionally substituted with C7-9 aJkylaryl or Ci^ alkyl optionally 
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substituted with halo, C1.3 alkoxy, cyano, amine, mono or di-Ci^ alkylajoodne, 
mono or di-Ci^ alkylamide or carboxylate; and R24 is C6.10 aryl or Het; 

or a phannaceutically acceptable enantiomer, diastereomer, salt, solvate or prodrug 
5 thereof 

The present invention also provides compositions comprising the compounds 
or phannaceutically acceptable salts, solvates or prodrugs thereof and a 
pharmaceutically acceptable carrier. In particular, the present invention provides 
10 pharmaceutical compositions useful for inhibiting HCV NS3 protease comprising a 
therapeutically effective amoxmt of a compound of the present invention, or a 
pharmaceutically acceptable salt, solvate or prodmg thereof^ and a pharmaceutically 
acceptable carrier. 

15 The present invention further provides methods for treating patients infected 

with HCV, comprisirig administering to the patient a thempeutically effective amount 
of a compoimd of the present invention, or a pharmaceutically acceptable salt, solvate 
or prodrag thereof. Additionally, the present invention provides methods of 
inhibiting HCV NS3 protease by contacting the NS3 protease with a compound of the 

20 present invention. 

By virtue of the present invention, it is now possible to provide improved 
drugs comprising the compounds of the invention which can be effective in the 
treatment of patients infected with HCV. Specifically, the present invention provides 

25 peptide compoimds that can inhibit the functioning of the NS3 protease, e.g., in 
combination with the NS4A protease. Further, the present invention makes it 
possible to administer combination tiierapy to a patient \^ereby a compound in 
accordance with the present invention, which is effective to inhibit the HCV NS3 
protease, can be administered with another compound having anti-HCV activity, e.g., 

30 a compoimd which is effective to inhibit the function of a target selected from the 
group consisting of HCV metalloprotease, HCV serine protease, HCV polymerase, 
HCV helicase, HCV NS4B protein, HCV entry, HCV assembly, HCV egress, HCV 
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NS5A protein, IMPDH and a nucleoside analog for the treatment of an HCV 
infection. 

nff.TATT .TCn n ESCRIPTTON OF THE INVENTION 

5 

Stereochemical definitions and conventions used herein generally follow 
McGraw-Hill Dictionary of Chemical Terms, S. P. Parker, Ed., McGraw-Hill Book 
Company, New York (1984) and Stereochemistry of Organic Compounds, Eliel, E. 
and Wilen, S., John Wiley & Sons, Inc., New York (1994). Many organic 

10 compounds exist in optically active forms, i.e., they have the ability to rotate the 
plane of plane-polarized light In describing an optically active compound, the 
prefixes D and L or R and S are used to denote the absolute configuration of the 
molecule about its chiral center(s). The prefixes d and 1 or (+) and (-) are employed 
to designate the sign of rotation of plane-polarized light by the compound, with (-) or 

15 1 meaning that the compoxmd is levorotatory and (+) or d, meaning the compound, is 
dextrorotatory. For a given chemical structure, these compounds, called 
stereoisomers, are identical except that they are mirror images of one another. A 
specific stereoisomer of a mirror image pair may also be referred to as an enantiomer, 
and a mixture of such isomers is often called an enantiomeric mixture. With 

20 reference to the instances where (R) or (S) is used, it is to designate the absolute 

configuration of a substituent in context to the whole compound and not in context to 
the substituent alone. 

Unless otherwise specifically noted herein, the terms set forth below will have 
25 the following definitions. 

The terms "racemic mixture" and "racemate" refer to an equimolar mixture of 
two enantiomeric species, devoid of optical activity. 

30 The term "chiral" refers to molecules which have the property of non- 

superimposability of the mirror image partner, while the term "achiral" refers to 
molecules which are superimposable on their mirror image partner. 
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The term "stereoisomers" refers to compounds which have identical chemical 
composition, but differ with regard to the arrangement of the atoms or groups in 
space. 

5 The term "diastereomer" refers to a stereoisomer which is not an enantiomer, 

e.g., a stereoisomer with two or more centers of chirality and whose molecules are 
not mirror images of one another. Diastereomers have different physical properties, 
e.g. melting points, boiling points, spectral properties, and reactivities. Mixtures of 
diastereomers may separate under high resolution analytical procedures such as 
10 electrophoresis and chromatography. 

The tenn "enantiomers" refers to two stereoisomers of a compound which are 
non-superimposable mirror images of one another. 

15 The term "therapeutically effective amount" means the total amount of each 

active component that is sufBcient to show a meaningful patient benefit, e.g., a 
sustained reduction in viral load. When applied to an individual active ingredient, 
administered alone, the term refers to that ingredient alone. When applied to a 
combination, the term refers to combined amounts of the active ingredients that result 

20 in the therapeutic effect, whether administered in combination, serially or 
simultaneously. 

The term "compounds of the invention", and equivalent expressions, are 
meant to embrace compounds of formula I, and phaimaceutically acceptable 
25 enantiomer, diastereomer salts, and solvates, e.g, hydrates and prodrugs. Similarly, 
references to intermediates, are meant to embrace their salts, and solvates, where the 
context so pemdts. References to the compound of the invention also include the 
preferred compoimds, e.g. formula II and A-M. 

30 The term "derivative" means a chemically modified compoimd wherein the 

modification is considered routine by the ordinary skilled chemist, such as an ester or 
an amide of an acid, protecting groups, such as a benzyl group for an alcohol or thiol, 
and tert-butoxycarbonyl group for an amine. 
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The term "solvate" means a physical association of a conaponnd of this 
invention with one or more solvent molecules, whether organic or inorganic. This 
physical association includes hydrogen bonding. In certain instances the solvate will 
5 be capable of isolation, for example when one or more solvent molecules are 
incorporated in the crystal lattice of the crystalline solid. "Solvate" encompasses 
both solution-phase and isolable solvates. Exemplary solvates include hydrates, 
etfaanolates, methanolates, isopropanolates and the like. 

1 0 The term **prodrug" as used herein means derivatives of the compounds of the 

invention which have chemically or metabolically cleavable groups and become, by 
solvolysis or under physiological conditions, the compounds of the invention which 
are pharmaceutically active in vivo. A prodrug of a compound may be formed in a 
conventional manner with a functional group of the compounds such as with an 

1 5 amino, hydroxy or carboxy group when present. The prodrug derivative form often 
offers advantages of solubility, tissue compatibility, or delayed release in a 
mammalian organism (see, Bundgard, H., Design of Prodrugs, pp. 7-9, 21-24, 
Elsevier, Amsterdam 1985). Prodrugs include acid derivatives well known to 
practitioners of the art, such as, for example, esters prepared by reaction of the parent 

20 acidic compound with a suitable alcohol, or amides prepared by reaction of the parent 
acid compound with a suitable amine. 

The term "patient" includes both human and other mammals. 

25 The term "pharmaceutical composition" means a composition comprising a 

compoimd of the invention in combination with at least one additional 
pharmaceutical carrier, i.e., adjuvant, excipient or vehicle, such as diluents, 
preserving agents, fillers, flow regulating agents, disintegrating agents, wetting 
agents, emulsifying agents, suspending agents, sweetening agents, flavoring agents, 

30 perfuming agents, antibacterial agents, antifungal agents, lubricating agents and 

dispensing agents, depending on the nature of the mode of administration and dosage 
forms. Ingredients listed ia Remington's Pharmaceutical Sciences, 18*^ ed.. Mack 
Publishing Company, Easton, PA (1999) for example, may be used. 
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The phrase "phannaceutically acceptable" is employed herein to refer to those 
compounds, materials, compositions, e.g., the compounds and their enantiomers, 
diastereomers, salts, solvates or prodrugs, and/or dosage forms which are, within the 
5 scope of sound medical judgment, suitable for use in contact with the tissues of 

patients for treatment without excessive toxicity, irritation, allergic response, or other 
problem or complication commensurate with a reasonable risk/benefiit ratio. 

The term "treating" refers to: (i) preventing a disease, disorder or condition 
10 from occurring in a patient which may be predisposed to the disease, disorder and/or 
condition but has not yet been diagnosed as having it; (ii) inhibiting the disease, 
disorder or condition, i,e., airesting its development; and (iii) relieving the disease, 
disorder or condition, i.e., causing regression of the disease, disorder and/or 
condition. 

15 

The term "substituted" as used hereia includes substitution at from one to the 
maximum number of possible binding sites on the core, e.g., organic radical, to 
which the subsitutent is bonded, e.g., rnono-, di-, tri- or tetra- substituted, imless 
otherwise specifically stated. 

20 

The nomenclature used lo describe organic radicals, e.g., hydrocarbons and 
substituted hydrocarbons, generally follows standard nomenclature known in the art, 
unless otherwise specifically defined. Conibinations of groups, e.g., 
alkylalkoxyamine or arylaJkyl, include all possible stable configurations, unless 
25 otherwise specifically stated. Thus, an alkylaryl substituent can be bonded to a core 
segment by either the alkyl portion or the aryl portion of the alkylaryl substituent, 
provided the resulting compound is stable. Certain radicals and combinations are 
defined below for purposes of illustration. 

30 The term "halo" as used herein means a halogen substituent selected from 

bromo, chloro, fluoro or iodo. The term "haloalkyl" means an alkyl group that in 
substituted with one or more halo substituents. 
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The term "alkyl" as used herein means acyclic, strai^t or branched chain 
hydrocaibon substituents having the specified number of carbon atoms and includes, 
for example, methyl, ethyl, propyl, butyl, tert-butyl, hexyl, 1-methylethyl, 1- 
methylpropyl, 2-methypropyl, 1,1-dimethylethyl. Thus, Ci^ alkyl refers to an alkyl 
5 group having from one to six carbon atoms. The term "lower alkyl" means an alkyl 
group having from one to six, preferably from one to four carbon atoms. The term 
'^alkylester" means an alkyl group additionally containing on ester group. Generally, 
a stated carbon number range, e.g,, aUsylester, includes all of the carbon atoms in 
the radical. 

10 

The term ^'alkenyl'* as used herein means an alkyl radical contaimng at least 
one double bond, e.g., ethenyl (vinyl) and alkyL 

The term "alkoxy" as used herein means an alkyl group with the indicated 
15 number of carbon atoms attached to an oxygen atom. Alkoxy includes, for example, 
methoxy, ethoxy, propoxy, 1-methylethoxy, butoxy and 1,1-dimethylethoxy. The 
latter radical is referred to in the art as tert-butoxy. The term "alkoxycarbonyl" 
means an alkoxy group additionally containing a carbonyl group. 

20 The term "cycloalkyl" as used herein means a cyclic hydrocarbon substituent 

containing the indicated number of carbon atoms and includes, for example, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and spiro cyclic groups 
such as spirocyclopropyl and spirocyclobutyl. The term "cycloalkoxy" as used herein 
means a cycloalkyl group linked to an oxygen atom, such as, for example, 

25 cyclobutyloxy or cyclopropyloxy. The term "alkylcycloalkyl" means a cycloalkyl 
group linked to an alkyl group. The stated carbon number range includes the total 
number of carbons in the radical, xmless otherwise specfically stated. Thus a C4-10 
alkylcycloalkyl may contain from 1-7 carbon atoms in the alkyl group and from 3-9 
carbon atoms in the ring, e.g., cyclopropylmethyl or cyclohexylethyl. 

30 

The term "aryl" as used herein means an aromatic moiety containing the 
indicated number of carbon atoms, such as, but not limited to phenyl, indanyl or 
naphthyl. For example, C^-io aiyl refers to an aromatic moiety having from six to ten 
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carbon atoms which may be in the fonn of a monocyclic or bicychc structure. The 
terai "haloaryl" as used herein refers to an aryl mono, di or tri substituted with one or 
more halogen atoms. The temis "alkylaryr, "arylalkyl" and "aralkyl" mean an aryl 
group substituted with one or more alkyl groups. Unless the carbon range of each 
5 groiqp is specified, the stated range applies to the entire substituent Thus, a C7.14 
alkylaryl group many have fix)m 1-8 carbon atoms in the alkyl group for a 
monocyclic aromatic and firom 1-4 carbon atoms in the sJkyl group for a fiised 
aromatic. The attachment of the group to bonding site on the molecule can be either 
at the aryl group or the alkyl group. Unless a specific aryl radical is specified, e.g., 

10 fluoro-phenyl, or the radical is stated to be unsubstituted, the aryl radicals, e.g., in an 
aryl substituent or an alkylaryl substituent, include those substituted with typical 
substituents known to those skilled in the art, e.g., halogen, hydroxy, carboxy, 
carbonyl, nitro, sulfo, amino, cyano, dialkylamino haloalkyl, CF3, haloalkoxy, 
thioalkyl, alkanoyl, SH, alkylamino, alkylamide, dialkylamide, carboxyester, 

15 alkylsulfone, alkylsulfonamide and alkyl(aIk:oxy)amine. Examples of alkylaryl 
groups include benzyl, butylphenyl and 1-naphthylmethyl. 

The term "alkanoyl" as used herein means straight or branched 1-oxoalkyl 
radicals containing the indicated number of carbon atoms and includes, for example, 
20 formyl, acetyl, 1-oxopropyl (propionyl), 2-methyl-l-oxopropyl, 1-oxohexyl and the 
like. 



The term "alkylamide" as used herein means an amide mono-substituted with 
an alkyl, such as 



25 



O 




H 



30 



The term "heterocycle" , also referred to as "Hef , as used herein means 7-12 
membered bicyclic heterocycles and 4-7 membered monocyclic heterocycles. 
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Preferred bicyclic heterocycles are 7-12 membered fused bicyclic ring 
systems (both rings share an adjacent pair of atoms) containing from one to four 
heteroatoms selected from nitrogen, oxygen and sulfur, wherein both rings of the 
heterocycle are ftdly imsaturated. The nitrogen and sulfur heteroatoms atoms may be 
5 optionally oxidized. The bicyclic heterocycle may contain the heteroatoms m one or 
both rings. Unless a specific heterocycle is specified, e.g., a fluormated 7-12 
membered bicyclic heterocycle, or the heterocycle is stated to be unsubstituted, the 
heterocycles include those substituted with typical substituents known to those 
skilled in the art For example, the bicyclic heterocycle may also contain substituents 

10 on any of the ring carbon atoms, e.g., one to three substituents. Examples of suitable 
substituents include Ci^ alkyl, C3-7 cycloalkyl, Ci-6 alkoxy, C3-7 cycloalkoxy, halo-Ci- 
6 alkyi, CF3, mono-or di- halo-Ci^ alkoxy, cyano, halo, thioalkyl, hydroxy, alkanoyl, 
NO2, SH, , aroiuo, Ci-^ alkylamiao, di (Ci-e) alkylamino, di (€1-5) alkylamide, 
carboxyl, (Ci-e) carboxyester, Ci-6alkyIsulfone, Ci^alkylsulfonamide, Ci-^ 

15 alkylsulfoxide, di (Ci-e) alkyl(aIkoxy)amine, C5-10 aiyl, C7-14 alkylaryl, and a 4-7 
membered monocyclic heterocycle. When two substituents are attached to vicinal 
carbon atoms of the bicyclic heterocycle, they can join to form a ring, e.g., a five, six 
or seven membered ring system containing up to two heteroatoms selecting from 
oxygen and nitrogen. The bicyclic heterocycle may be attached to the molecule, e.g. 

20 Ri in formula I, at any atom in the ring and preferably carbon. 

Examples of bicyclic heterocycles include, but are not limited to, 
the following ring systems: 



Preferred monocyclic heterocycles are 4-7 membered saturated, partially 
saturated or fidly unsaturated ring system (this latter subset also herein referred to as 
unsaturated heteroaromatic) containing in the ring from one to four heteroatoms 




25 
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selected from nitrogen, oxygen and sulfur, wherein the sulfur aud nitrogen 
heteroatoms may be optionally oxidized. Unless a specific heterocycle is specified, 
e.g., a Ci^ aUcoxy substituted 4-7 membered monocyclic heterocycle, or the 
heterocycle is stated to be unsubstituted, the heterocycles include those substituted 
5 with typical substituents known to those skilled in the art. For example, the 

monocyclic heterocycle may also contain substituents on any of the ring atoms, e-g,, 
one to three substitu^ts. Examples of suitable substituents include Ci^ alkyl, C^? 
cycloalkyl, Ci-ealkoxy, Ca-Tcycloalkoxy, halo-Ci-g alkyl, CF3, mono-or di- halo-Ci-6 
alkoxy, cyano, halo, thioalkyl, hydroxy, alkanoyl, NO2, SH, , amino, alkylamino, 
10 di (Cre) alkylamino, di (Ci-6) alkylamide, carboxyl, (Ci-e) carboxyester, Ci-6 

alkylsulfone, Ci-6alkylsulfoxide, Ci-6 alkylsxilfonamide, di (Ci-e) alkyl(alkoxy)anmie, 
Ce-io aiyl, C7-14 alkylaryl and an additional 4-7 membered monocyclic heterocycle. 
The monocyclic heterocycle may be attached to the molecule, e.g. Ri in formula I, at 
any atom in the ring. 

15 

Examples of monocyclic heterocycles include, but are not limited to, the 
following (and their tautomers): 

O O O 0 0 0 Q o 
00000 O 0 O 0 
0 O 0 £> J> r> 0 

OQOO 

20 Those skilled ia the art will recognize that the heterocycles used in the 

compoimds of the present invention should be stable. Generally, stable compomids 
are those which can be synthesized, isolated and formulated usiag techniques known 
the those skilled in the art without degradation of the compound. 

25 The term "substituent" with reference to an amino acid or amino acid 

derivative means a radical derived from the corresponding a-amino acid. For 
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instance, the subsfitaents methyl, iso-propyl, and phenyl represent the amino acids 
alanine, valine, and phenyl glycine, respectively. 

Where used in n a ming compounds of the preseait mvention, the designations 
5 "Pr, PI, P2, P3 and P4", as used herein, map the relative positions of the amino acid 
residues of a protease inhibitor bmding relative to the binding of the natural peptide 
cleavage substrate. Cleavage occurs in the natural substrate between PI and P 1 ' 
where the nonprime positions designate amino acids starting from the C-tenninus end 
of the peptide natural cleavage site extending towards the N-tenninus; whereas, the 

10 prime positions emanate from the N-terminus end of the cleavage site designation 
and extend towards the C-terminus. For example, PI' refers to the first position 
away from the right hand end of the C-tenninus of the cleavage site (ie. N-terminus 
first position); whereas PI starts the numbering from the left hand side of the 
C-tenninus cleavage site, P2: second position from the C-terminus, etc.)[see Berger 

15 A. & Schechter L; Transactions of the Royal Society London series (1970), B257, 
249-264]. 

In accordance with the present invention, there are provided compounds of 
formula I: 



20 
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I 

5 wherein: 

(a) Ri, R2, R3, R4, R5 and R^ are each independently H; Ci^ alkyl; C3-7 
cycloalkyl; Ci>6alkoxy; Ca-ycycloalkoxy; halo-Ci-6 alkoxj^ halo-Ci-6 alkyl; 
cyano; halo; hydroxyl; Ci^ alkanoyl; nitro; amino; mono or di-(Ci^) alkyl 

10 amine; mono or di-(C3-7) cycloalkyl amine; mono or di-Ci-6 alkylamide; mono 

of di-(C3.7) cycloalkyl amide; carboxyl; (Ci-e) carboxyester; thiol; Ci-6 
thioalkyl ; Ci-6allsylsulfoxide;Ci-6alkyls\ilfone; Ci^ alkylsulfonamide; Ce-io 
aryl optionally substituted with Het; C7-14 alkylaryl; Ce-io aryloxj^ C7-14 
alkylaryloxy; 4-7 membered monocyclic heteroaryloxy; or Het; said Ri to Re 

15 optionally attached to the isoquinoline group by a Ci^ alkyl linking group; 

(b) R7 is NH2 or -NRioRii; wherein Rio is Ci-6 alkyl, Ci-6 haloalkyl, 
C(0)-NRi2Ri3, C(0)-0Ri4, C(0)-SRi5, or -C(0)-Ri6; Rn is H, Ci^ alkyl or 
Ci^ haloalkyl, provided that if either R12 or R13 is H then Ri 1 is H; 

20 R12 and R13 are eiach independently H; Ci^ alkyl, C3-7 cycloalkyl or C4.10 

alkylcycloalkyl, each optionally substituted with halo, C1-3 alkoxy, C1.3 
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haloalkoxy, C1-3 alkyl or Ci,3 haloalkyl; or aryl; and wherein R12 and Ru 
together with the nitrogen to which they are bonded can form a 4-7 
membered heterocycle; R14 and Rxs are each independently Ci^ alkyl, C3-7 
cycloalkyl or C4.10 alkylcycloalkyl, each optionally substituted with halo, C1.3 
5 alkoxy, C1-3 haloalkoxy, C1.3 allq^l or C1-3 haloalkyl; aryl or Het; Rig is H; Ci^s 

alkyl, C3-7 cycloalkyl or C4.10 alkyicycloalkyl, each optionally substituted with 
halo, C1.3 alkoxy, C1-3 haloalkoxy, C1-3 alkyl or C1-3 haloalkyl; aryl or Het; 

(c) Rg and R9 are each independently H or C1-3 alkyl optionally 
10 substituted with halo, or C1.3 alkoxy, or C1.3 haloalkoxy; 

(d) Q is a C3-9 saturated or unsaturated chain optionally containing one to 
three heteroatoms independently selected from O, S(0)m; wherein m is 0, 1 or 
2, or NRi7, wherein R17 is H; Ci^ alkyl or Ci-6 cycloalkyl; each optionally 
substituted with halo, Ci^ alkoxy, cyano or Ci_6 haloalkoxy; -C(0)-Ri8, C(0)- 
OR19, C(0)-NR2oR2i or -SO2R22; Ris, R20,and R21 are each independently H; 
Ci^ alkyl or Ci^ cycloalkyl, each optionally substituted with halo, Ci^ 
alkoxy, cyano or Ci^ haloalkoxy; R19 is Ci^ alkyl or Cu6 cycloalkyl, each 
optionally substituted with halo. Cue alkoxy, cyano or Ci_6 haloalkoxy; 
R22 is aryl, Ci^ alkyl or Ci^ cycloalkyl, each optionally substituted with halo, 
C1.6 alkoxy, cyano or Ci-e haloalkoxy; and 

(e) W is OH, - NH-SOn-R23, or NH-SOn- R24; wherein n is 1 or 2, R23 is 
Ci-8 alkyl, C4.10 alkyicycloalkyl, unsubstituted C3.7 cycloalkyl, or cyclopropyl 

25 or cyclobutyl optionally substituted with C7-9 alkylaryl or Ci^ alkyl optionally 

substituted with halo, C1-3 alkoxy, cyano, amine, mono or di-Ci-6 alkylamine, 
mono or di-Ci>^ alkylamide or carboxylate; and R24 is Cg-io aryl or Het; 

or aphannaceutically acceptable enantiomer, diastereomer, salt, solvate or prodrug 
30 thereof. 

Preferably, Ri is bonded to the C3 position and is selected from H; Ci_6 alkyl; 
C3-7 cycloalkyl; Ci^ alkoxy; Cs-ycycloalkoxy; halo-Ci^ alkoxy; halo-Ci-6 alkyl; 



15 



20 
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cyano; halo; Ci^ alkanoyl; mono or di-(Ci^) alkyl amine; mono or di-Ci^ 
alkylamide; carboxyl; Ce-io aryl optionally substituted with Het; C7-14 alkylaryl; Ce-io 
aryloxy or Het Preferably, R2, R3, and R4 are bonded to the C4. C5 and Ce positions, 
respectively, and are each independently selected from H; Ci^ alkyl; C3.7 cycloallcyl; 
5 Ci^ alkoxy; C3.7 cycloalkoxsr, halo-Ci^ alkoxy; halo-Ci-e alkyl; cyano; halo; 

hydroxyl; Ci^ alkanoyl; mono or di-(Ci-6) alkyl amine; mono or di-CCa-v) cycloalkyl 
amine; mono or di-Ci^ alkylamide; mono or di-CCs-y) cycloalkyl amide; carboxyl; Ce- 
10 aryl optionally substituted with Het; C7-14 alkylaryl; C^io aryloxy; or Het 
Preferably, R5 and Re are bonded to the C7 and Cg positions, respectively, and are 

10 each independently selected from H; C1-3 alkyl; C3-4 cycloalkyl; C1-3 alkoxy; C3-4 

cycloalkoxy; halo-Ci-3 alkoxy; halo-Ci-3 alkyl; cyano; halo; hydroxyl; C1-3 alkanoyl; 
mono or di-(Ci-3) alkyl amine; mono or di-(C3-4) cycloalkyl amine; mono or di-Ci.3 
alkylamide; mono or di-(C3-4) cycloalkyl amide; or carboxyl. If desired, one or more 
of the Ri R2, R3, R4, R5 and R^ substituents can be attached to the isoquinoline group 

15 by a Ci^ alkyl linking group, e.g., a methylene group. 

Preferably, Q is a C3-9 saturated or unsaturated chain optionally containing 
one to three heteroatoms independently selected from O, S(0)m; wherein m is 0, 1 or 
2, or NRn, wherein R17 is H; Ci^ alkyl, Ci_6 cycloalkyl, -C(0)-Ri8. C(0)-0Ri9, C(0> 
20 NR20R21 or -SO2R22. Preferably, Ri8,R2o,and R21 are each independently H; Ci^ 

alkyl or Cu6 cycloalkyl; R19 is Ci^ alkyl or Ci^ cycloalkyl; and R22 is aryl, Ci-6 alkyl 
or Ci-6 cycloalkyl, each optionally substituted with halo. 

Preferably, W is OH, - NH-SOn-R23, or NH-SOn- R24 wherein n is 1 or 2, R23 
25 is imsubstituted C3.7 cycloalkyl, cyclopropyl,or cyclobutyl optionally substituted with 
C7-9 alkylaryl or Ci^ alkyl; and R24 is Ce-io aryl or Het 

In accordance with one aspect of the present invention, there are provided 
compounds of formula U: 
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R3 R2 




5 wherein: 

(a) Ri is H; Ci-6 alkyl; C3-7 cycloalkyl; Ci^ alkoxy; C3.7 cycloalkoxy; halo- 
Ci-6 alkoxy; haIo-Ci-6 alkyl; cyano; halo; Ci^ alkanoyl; mono or di-(Ci^) 
alkyl amine; mono or di-Ci^alkylamide; carboxyl; Ce-io aryl optionally 

10 substituted with Het; Cy-w alkylaryl; C6-10 aryloxy or Het; said Ri optionally 

attached to the isoquinoline group by a Ci^ alkyl linking group; R2, R3, and R4 
are each independently H; Ci^ alkyl; C3.7 cycloalkyl; Ci-6 alkoxy; C3-7 
cycloalkoxy; halo-Ci-6 alkoxy; halo-Ci-6 alkyl; cyano; halo; hydroxyl; Ci^ 
alkanoyl; mono or di-(Ci^) alkyl amine; mono or di-(Cz.j) cycloalkyl amine; 

15 mono or di-Ci^ alkylamide; mono or di-(C3-7) cycloalkyl amide; carboxyl; Ce- 

10 aryl optionally substituted with Het; C7.14 alkylaryl; C^-io aryloxy; or Het; 
said R2 to R4 optionally attached to the isoquinoline group by a C1-3 alkyl 
linking group; R5 and Re are each independently H; C1-3 alkyl; €3^ cycloalkyl; 
Ci-3 alkoxy; C3-4 cycloalkoxjr, halo-Ci-3 alkoxy; halo-Ci-3 alkyl; cyano; halo; 

20 ' hydroxyl; C1.3 alkanoyl; mono or di-(Ci-3) alkyl amine; mono or di-(C3^) 

cycloalkyl amine; mono or di-Ci-3 alkylamide; mono or di"(C3-4) cycloalkyl 
amide; or carboxyl; 
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(b) R7 is NH2 or -NRioRu; wherein Rio is Ci-e alkyl, Ci^ haloalkyi, 
C(0)-NRi2Ri3, C(0>0Ri4, or-C(0>Ri6; Rn is H, Ci^ alkyl or Ci^ 
haloalkyl, provided that if either R12 or R13 is H then Rn is H; 
R12 and Ri3 are each independently H; Ci-6 alkyl, C3.7 cycloalkyl or C4.10 
5 alkylcycloallqrl, each optionally substituted with halo, C1-3 alkoxy, Cus 

haloalkoxy, Cus alkyl or €1,3 haloalkyl; and wherein R12 and R13 together 
with the nitrogen to which they are bonded can form a 4-7 membered 
heterocycle; Rh and R15 are each independently Ci^ alkyl, C3-7 cycloalkyl or 
C4-10 alkylcycloalkyl, each optionally substituted with halo, C1-3 alkoxy, C1-3 
haloalkoxy, C1.3 alkyl or C1.3 halodkyl; Risis H; Ci^ alkyl, C3.7 cycloalkyl or 
C4-10 alkylcycloalkyl, each optionally substituted with halo, C1-3 alkoxy, C1-3 
haloalkoxy, C1-3 alkyl or C1.3 haloalkyl; aryl or Het; 

(c) Rg and R9 are each independently H or C1.3 alkyl optionally 
substituted with halo, or C1-3 alkoxy, or C1.3 haloalkoxy; 

(d) Q is a C3.9 saturated or unsaturated chain optionally containing one to 
three heteroatoms independently selected from O, S(0)ni; wherein m is 0, 1 or 
2, or NR17, wherein R17 is H; Ci^ alkyl, cycloalkyl, -C(0)-Ri8. C(0)- 
OR19, C(0)-NR2oR2i or -SO2R22; Ri8,R20.and R21 are each independently H; 
Ci-6 alkyl or Ci^ cycloalkyl; R19 is Ci^ alkyl or Ci-6 cycloalkyl; R22 is aryl, 
Ci^ alkyl or Ci^ cycloalkyl, each optionally substituted with halo; and 

(e) W is OH, - NH-SOn-R23 or NH-SOn- R24, wherein n is 1 or 2, R23 is 
unsubstituted C3-7 cycloalkyl, or cyclopropyl or cyclobutyl optionally 
substituted with C7.9 alkylaryl or Ci^ alkyl; and R24 is Ce-io aryl or Het; 

or a phaimaceutically acceptable enantiomer, diastereomer, salt, solvate or prodrug 
thereof 

Preferably, Ri is H; Cx-3 alkoxj^ mono or di-(Ci-^) alkyl amine; a S or 6 
membered monocyclic heterocycle; or Cg-io aryl optionally substituted with a 5 or 6 
membered monocyclic heterocycle. Preferably, R2, R3, R4 and R5 are each 
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independently H; Ci^ alkoxy; halo-Ci^ alkoxy; hydroxyl; or mono or di-(Ci^) alkyl 



Preferably, R7 is NH2 or -NHRio; wherein Rio is <:XO>N Ri2Ri3,or C(0)- 
5 ORi4; and R12 and R13 are Ci-6 aDqrl optionally substituted with halo; and Rh is Ci^ 
alkyl or C3-7 cycloalkyl optionally substituted with halo . 

Preferably, Q is a C5.7 membered chain having one double bond optionally 
containing one heteroatom independently selected from O, S(0)m; wherein m is 0, 1 
10 or 2, or NR17, wherein R17 is H; Ci-6 alkyl or Cj^ cycloalkyl. In a preferred aspect of 
the invention, Q has the following structure: 



wherein P is a C3 saturated chain optionally containing one heteroatom independently 
15 selected from O, S(0)in; wherein m is 0, 1 or 2, or NRn (as defined in the compound 
of FomixilalT). 

In one aspect of the invention, W is preferably - NH-SOn-R23, wherein n is 1 
or 2 and R23 is imsubstituted C3-7 cycloalkyl, or cyclopropyl or cyclobutyl optionally 
20 substituted with C7-9 alkylaryl or Cm alkyl. In another aspect of the invmtion, W is 
NH-SOn- R24, wherein n is 1 or 2 and R24 is Het. 



amine. 



00 




Preferably, when R24 is Het, the Het is selected from the group consisting of: 
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0CH2CH3 



or 



N N 




In accordance with another aspect of the present invention, there are provided 
5 . compounds of formula III: 



R3 R2 




10 in 



wherein: 



15 



(a) Ri is H; C1-3 alkoxjr, di-(Ci-6) alkyl amine; a 5 or 6 membered 
monocyclic heterocycle; or C6.10 aryl optionally substituted with a 5 or 6 
membered monocyclic heterocycle; 
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R2, R3, R4 and R5 are each independently H; C1.3 alkoxy; halo; or di-(Ci^) 
alkyl amine; 

(b) R7 is -NHRio; wherein Rio is C(0)-NHRi3,or C(0)-0Ri4; Ri3 and Rm 
5 are Ci^ alkyl; 

(c) Q is a C5.7 membered chain having one double bond optionally 
containing one heteroatom independently selected from O, S(0)ni; wherein m 
is 0, 1 or 2, or NRn, wherein R17 is H; Ci^ alkyl or Ci^ cycloalkyl; and 

10 

(d) R23 is unsubstituted C3-7 cycloalkyl, or cyclopropyl or cyclobutyl 
optionally substituted with C7-9 alkylaryl or Cm alkyl; 

or a pharmaceutically acceptable enantiomer, diastereomer, salt, solvate or prodmg 
15 thereof. 

Preferably, Ri is selected from the group consisting of pyridine, pyrrolidine, 
morpholine, piperazine, oxazole, isoxazole, thiazole, imidazole, pyrrole and pyrazole. 
hi one preferred aspect, Ri is phenyl optionally substituted with one or more 

20 members selected from the group consisting of selected from the group consisting of 
Ci-3 alkoxy, halo, carboxyl, di-(Ci-3) alkyl amine, C1.3 haloalkyl, trifluoromethyl, 
trifluoromethoxy and hydroxy. In another preferred aspect, Ri is di-(Ci.3) alkyl 
amine. In another preferred aspect, Ri is piperazine substituted with one or more 
members selected from the group consisting of C1.3 aUcyl, C5-7 cycloalkyl or pyridine. 

25 Preferably, R2 is chloro or fluoro. In one preferred aspect, R2 is di-(Ci-3) alkyl amine 
or methoxy. 

In one preferred aspect, Q has a stmcture selected from the following: 
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In another preferred aspect, Q has a structure selected from the following: 




Examples of preferred compounds in accordance with the invention are 
selected from the group consisting of 
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The compounds of the present invention, which contain a basic moiety, can 
5 form salts by the addition of a pharmaceutically acceptable acid. The acid addition 
salts are formed from a compoimd of Fomiula I and a pharmaceutically acceptable 
inorganic acid, including but not limited to hydrochloric, hydrobromic, hydroiodic, 
sulfuric, phosphoric, or organic acid such as j7-toluenesulfomc, methanesulfonic, 
acetic, benzoic, citric, malonic, fumaric, maleic, oxalic, succinic, sulfamic, or tartaric, 
10 Thus, examples of such phamiaceutically acceptable salts include chloride, bromide. 
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iodide, sulfate, phosphate, metfaanesulfonate, citrate, acetate, malonate, fumarate, 
sulfamate, and tartrate. 

Salts of an amine group may also comprise quaternary ammonium salts in 
5 which the amino nitrogen cairies a suitable organic group such as an alkyl, alkenyl, 
alkynyl or aralkyl moiety. 

Compounds of the present invention, which are substituted with an acidic 
groiq), may exist as salts formed throu^ base addition. Such base addition salts 

10 include those derived firom inorganic bases which include, for example, alkali metal 
salts (e.g. sodium and potassium), alkaline earth metal salts (e.g. calcium and 
magnesium), aluminxim salts and ammonium salts. In addition, suitable base addition 
salts include salts of physiologically acceptable organic bases such as 
trimethylamine, triettylamine, moipholine, pyriduie, piperidine, picoline, 

15 dicyclohexylamine, N,N'-diben2ylethylenediamine, 2-hydroxyethylamine, 

bis-(2-hydroxyethyl)ainine, tri-(2-hydroxyethyl)amine, procaine, dibenzylpiperidine, 
N-benzyl-P-phenethylamine, dehydroabietylamine, N,N'-bishydroabietyIaniine, 
glucamine, N-methylglucamine, collidine, quinine, quinoline, ethylenediamine, 
ornithine, choline, N,N'-benzylphenethylamine, chloroprocaine, diethanolamine, 

20 diethylamiae, piperazine, tris(hydroxymethyl)aminomethane and 

tetramethylammonium hydroxide and basic amino acids such as lysine, arginine and 
N-methylglutamine. These salts may be prepared by methods known to those skilled 
in the art. 

25 Lists of suitable salts are found, for example, in Remington*s Pharmaceutical 

Sciences, 18th ed.. Mack Publishing Company, Easton, PA, 1990, p. 1445, 

Certain compounds of the present invention, and their salts, may also exist in 
the form of solvates with water, for example hydrates, or with organic solvents such 
30 as methanol, ethanol or acetonitrile to form, respectively, a methanolate, ethanolate 
or acetonitrilate. The present invention includes each solvate and mixtures thereof. 
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In addition, compounds of the present invention, or a salt or solvate thereof, 
may exhibit polymorphism. The present invention also encompasses any such 
polymorphic form. 

Compounds of the present invention (Formula I, n or HI) also contain two or 
more chiral centers and exist in difif^ent optically active forms. For example, 
compounds of Formula I may include a cyclopropyl group as represented in the PI 
fragment below: 



O 




wherein Ci and C2 each represent an asymmetric carbon atom at positions 1 and 2 of 
the cyclopropyl ring. Notwithstanding other possible asymmetric centers at other 
segments of the compounds of the invention, the presence of these two asymetric 
centers means that the compounds can exist as mixtures of diastereomers, such as the 
1 5 diastereomers of compoxmds of Formula HI wherein Q is configured either syn to the 
anadde or syn to the carbonyl as shown below. 




Q syn to caifoonyl Q syn to nitrogen 

o 
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The present invention includes both enantiomers and mixtures of enantiomers 
of the compunds, such as racemic mixtures. 

The enantiomers may be resolved by methods known to those skilled in the 
art, for example, by formation of diastereoisomeric salts which may be separated by 
crystallization, gas-liquid or liquid chromatography, selective reaction of one 
enantiomer with an enantiomer-specific reagent It will be appreciated that where the 
desired enantiomer is converted into another chemical entity by a separation 
technique, then an additional step is required to form the desired enantiomeric form. 
Alternatively, specific raantiomers may be synthesized by asymmetric synthesis 
using optically active reagents, substrates, catalysts or solvents, or by converting one 
enantiomer into the other by asymmetric transformation. 

Certain compounds of the present invention may also exist in different stable 
15 conformational forms which may be separable. Torsional asynunetry due to 

restricted rotation about an asymmetric single bond, for example because of steric 
hindrance or ring strain, may permit separation of different conformers. The present 
invention includes each conformational isomer of these compounds and mixtures 
thereof. 

20 

Certain compounds of the present invention may exist in zwitterionic form 
and the present invention includes each zwitterionic form of these compounds and 
mixtures thereof. 



5 



10 



25 The starting materials useful to synthesize the compoimds of the present 

invention are known to those skilled in the art and can be readily manufactured or are 
commercially available. 



The compounds of the present invention can be manu&ctured by methods 
30 known to those skilled in the art The following methods set forth below are 
provided for illustrative purposes and are not intended to limit the scope of the 
claimed invention. For example, compounds of the present invention having the 
structure of Formula I, n or III can be synthesized, as shown in the following 
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scheme, from compomds of Foraiula IV, Fonmila VHA or VHB. It will be 
recognized that it may be preferred or necessary to prepare such a compoimd in 
which a functional group is protected using a conventional protecting group then to 
remove the protecting group to provide a compound of the present invention. The 
5 details concerning the use of protecting groups in accordance with the present 
invention are known to those skilled in the art 
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a) Olefin metatJiesis cat . , 
1,2-DCE or DCM 

b) IiiOH, MeOH, 
H2O, THF 




(VIIB) 
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The Orcarboxylic acid of a compound of Formula VIIA or VTIB is coupled 
with R23SC)2NH2 (R23 as defined above) in the presence of peptide coupling agent, 
S such as CDI or ED AC, and in the presence of a base, such as 4- 

dimethylaminopyridine (4-DMAP) and/or 1,8-diazabicycIo [5.4.0]undec-7-ene 
(DBU), to form a compound of Formula I, n or HI. 

In the construction of compounds of Formula I, the PI ' terminus is incorporated into 
the molecules using one of the general processes outlined above and described in 

10 more detail below. In some examples the Pr elements, that is the 

cycloalkylsulfonamides, alkyl sulfonamides or heteroarylsulfonamides are 
commercially available or can be prepared from the corresponding alkyU or 
cycloalkyl-sulfonyl chloride by treating said sulfonyl chloride with armnonia . 
Alternatively, these sulfonamides can be synthesized using the general process 

15 outline in the following Scheme. Therein conmiercially available 3-chloro- 
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propylsulfonyl chloride (1) is converted to a suitable protected sulfonamide as for 
example by treatment with tert-butyl amine. The sulfonamide obtained (2) is then 
converted to the corresponding cycloalkylsulfonamide by treatment with two 
equivalents of a base such as butyl lithium in a solvent such as THF at low 
5 temperature. The resulting cycloalkylsulfonamide can be deprotected by treatment 
with an acid to provide the desired unprotected cycloalkylsulfoamide. Said Pr 
fragment can be incorporated into compounds of Formula 1. 





(1) 



— j-NHa 



V Add OO gg^PyPla Cdof 
m ^ Compounds of Formula I 

(3) ' 



Compounds having the structure of Formula IV, VI, VEA or VIIB can be 
prepared, for example, as described herein, and in Inteniational Application Number 
PCT/USOl/45145, Publication No. WO 02/060926, published August 8. 2002; 
International AppUcalion Number PCT/CAOO/00353, PubKcation No. WO 00/59929, 
pubUshed October 12, 2000; and U.S. Patent 6,323,180 granted November 27, 2001. 

Compounds having the structure of Formula IV can also be prepared by 
coupling chemical precursor A with chemical precursor B as shown below. 




Chemical precursor B, which is also shown above, may for example, be 
synthesized as follows. 
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Boc 



B4 



raceznate 

1:1 mixture of (IR, 2S) 
and (IS, 2R) . 




Treatment of commercially available or readily synthesized imine (Bl) with 
1,4-dihalobutene (B2) in presence of a base provides the imine (B3), Acid hydrolysis 
5 of B3 then provides B, which has a vinyl substituent syn to the carboxyl group. It is 
preferred that for compounds B3 and B that the vinyl group is syn to the ester. The 
amine moiety of B can protected iising a Boc group to provide the fully protected 
amino acid B4. This intermediate is a racemate which can be resolved by an 
enzymatic process wherein the ester moiety of B4 is cleaved to provide the 

1 0 corresponding carboxylic acid Without being bound to any particular theory, it is 
believed that this reaction is selective in that one of the enantiomers B4 (IS, 2R) 
undergoes the reaction at a much greater rate than its mirror image B4 (IR, 2S) 
providing for a kinetic resolution of the intermediate racemate. In the example cited 
above, the more preferred stereoisomer for integration into the tripeptdes is B4(1R, 

15 2S). In the presence of the enzyme, this enantiomer does not imdergo ester cleavage 
and thereby this enantiomer B5 is recovered from the reaction mixture. However, the 
less preferred enantiomer B4(1S, 2R) undergoes ester cleavage, i.e., enzyme 
catalyzed hydrolysis, to provide the free acid B6. The ester (B5) can be separated 
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j&om the acid product (B6) by rountine methods such as, for example, aqueous 
extraction methods or chromatography. 

Compounds of Formula 1 can also be converted into other compounds of Formula I 
as described herem. An example of such a process is the Scheme below, wherein a 
compound of Formula I (1) which bears a Boc group at the P4 position is converted 
into a compoimd of Formula I (3) wherein said compoimd bears a urea group at the 
P4 position. The conversion of (1) to (3) can be caitied out in a two step process the 
first of which is the conversion of (1) to anMne (2) by treatment of (1) with an acid 
such as TFA in a solvent such as methylene chloride. The resulting amine TFA salt 
can be treated with an isocyanate in the presence of one equivalent of base to provide 
a compound of Formula I (3) wherein the P3 moiety is capped with a urea. As 
previously noted one skilled in the art will recognize that intermediate (2) can be used 
as starting materials for the preparation of compounds of Formula I wherein the P3 
group is capped with an amide or a carbamate. The construction of said compounds 
of Formula I can be achieved using standard conditions for the formation of said P4 
functionalities fi-om amines. 




Compounds of Fbrmula I 




Compounds fo Formula I (3) 



wo 2004/094452 



PCT/US2004/011824 



40 

Procedures for making P2 intermediates and compoimds of Formula I are shown in 
the Schemes below. It should be noted that in many cases reactions are depicted for 
only one position of an intermediate. However, it is to be understood that such 
reactions could be used to impart modifications to other positions within this 
5 intermediate. Moreover, said intermediates, reaction conditions and methods given 
in the specific 6xanq>les are broadly applicable to compounds with other substitution 
patterns. The general Schemes outlined below are followed with examples herein. 
Both general and specific examples are non-limiting. 




10 The above Scheme shows the coupling of an N-protected C4-hydroxyproline moiety 
with an isoquinoline heterocycle to form intermediate (4) and the subsequent 
modification of said intermediate (4) to a compound of Formula I by the process of 
peptide donation and a ring-closing olefin metathesis reaction as described herein. 
It should be noted that in the first step, that is the coupling of the C4-hydroxy proline 

1 5 group with the isoquinoline element, a base is CTiployed. One skUled in the art 
would recognize that this coupling can be done using bases such as potassium tert- 
butoxide, or sodium hydride, in solvent such as DMF or DMSO or THF. This 
coupling to the isoquinoline ring system occurs at the CI position (numbering for 
isoquinoline ring system shown in intermediate 2) and is directed by the chloro group 

20 which is displaced in this process. It should be noted that alternative leaving groups 
can be utilized at this position such as a fluoro as shown in the Scheme. Said fluoro 
intermediates (3) are available from the corresponding chloro compoimd using 
literature procedures described herein. 
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In a subset of examples herein, isoquinolines are incorporated into the final 
compounds and specifically into the P2 region of said compounds. One skilled in the 
art would recognize that a number of general methods are available for the synthesis 
of isoquinolines. Moreoever, said isoquinolines generated by these methods can be 
5 readily incorporated into final compounds of Formula I using the processes described 
herein. One general methodology for the synthesis of isoqiunolines is shown in the 
scheme below, wherein cinnamic acid derivatives, shown in general form as stracture 
(2) are 




Re o Rg a 

4 5 
Refiarencse: N.Briet at al.Tetrahedre)n. 2002. 5761 



10 converted to 1-chloroisoquinolines in a four step process. Said chloroisoquinolines 
can be subsequently used in coupling reactions to C4-hydroxyproline derivatives as 
described herein. The conversion of cinnamic acids to chloroquinoliaes begins with 
the treatment of cinnamic acid with an aUQrlcholorformate ia the presence of a base. 
The resulting anhydride is then treated with sodium azide which results in the 

15 formation of an acylazide (3) as shown in the Scheme. Alternate methods are 

available for the formation of acylazides firom carboxylic acids as for example said 
carboxylic acid can be treated with diphenylphosphorylazide (DPPA) in an aprotic 
solvent such as methylene chloride in the presence of a base. In the next step of the 
reaction sequence the acylazide (3) is coverted to the corresponding isoquinolone (4) 

20 as shown in the Scheme. In the event the acylazide is heated to a temperature of 

approximately 190 degress celcius in a hig^ boiling solvent such a diphenylmethane. 
This reaction is general and provides moderate to good yields of substituted 
isoquinolone from the corresponding cinnamic acid derivatives. It should be noted 
that said cinnamic acid derivatives are available commercially or can be obtained 

25 firom the corresponding benzaldehyde (1) derivative by direct condensation with 
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malonic acid or derivatives thereof and also by employing a Wittig reaction. The 
intermediate isoquinolones (4) can be converted to the corresponding 1- 
chloroisoquinoline by treatment with phosphorous oxychloride. This reaction is 
general and can be applied to any of the isoquinolones shown herein to covert a 
5 hydroxy substituent to the corresponding chloro compound. 

An alternative method for the synthesis of the isoquinoline ring system is the 
Pomeranz-Fritsh procedure. This general method is outlined below. The process 
begins with the conversion of a benzaldehyde derivative (1) to a functionalized iminft 
10 (2). Said imine is then converted to the isoquinoline ring system by treatment with 
acid at elevated 




Pomenanz-Frltsch synthesis 

K Hirao, R. Tsuchfya, Y. Yano, H. Tsue, Hetencx^es 42(1) 1996, 41M22 

temperature. This isoquinoline synthesis as outlined above is general, and it should 
be noted that this process is particularly useful in procuring isoqxiinoline 

15 intermediates that are substituted at the C8 position (note: in intermediate (3) of the 
above Scheme the C8 p'osition of the isoquinoline ring is substituted with substutuent 
R^). The intermediate isoquinolines (3) can be converted to the corresponding 1- 
chloroquinolines (5) in a two step process as shown. The first step in this sequence is 
the formation of the isoquinoline N-oxide(4) by treatment of isoquinoline (3) with 

20 meta-chloroperbenzoic acid in an aprotic solvent such as dichloromethane. 

Intermediate (4) can be converted to the corresponding 1-chloroisoquinoline by 
treatment with phosphorous oxychloride in refluxing chloroform. 



25 



Another method for the synthesis of the isoquinoline ring system is shown below. In 
this process an ortho-alkylbenzamide derivative (1) is treated with a strong 
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15 



Re O 









R2 


Step 1 




&} 




RiCN 






OH 
(2) 




Re 



(1) 

base such as tert-butyl Uthium in a solvent such as THF at low temperature. To this 
reaction mixture is &en added a nittile derivative, wbich undergoes an addition 
reaction witii the anion derived from deprotonation of (1), resulting in the formation 
of (2). This reaction is general and can be used for tiie fonnation of substituted 
isoquinolines. Intermediate (2) of the above scheme can be converted to the 
corresponding 1-chloroisoquinoline by the methods described herein. 
An additional method for the synthesis of isoquinolines is shown below. The 
deprotonation of intermediate (1) using tert-butyl lithmm is described above. In the 
present method however, said intennediate anion is tr^ped by an ester, resulting in 
the fonnation of intermediate (2) as shown below. In a subsequent reaction ketone (2) 
is condensed with ammbnhmi acetate at elevated temperature providing for flie 
formation of quinolone (3). This reaction is general and can be applied for the 
construction of substituted isoquinolones which can then be convoted to the 
corresponding l-chloroisoquinolines as described herein. 

R3 R2 

step 2 R ^'v-g^g-y^^^Rl 

Re O 
(3) . 




20 



Yet an additional method for the construction of isoquinolines is fonnd in the scheme 
below. In the first step of this process an ortho-alkylarylimine derivative such as (1) 
is subjected to deprotonation conditions (sec-butyl lithium, THF) and the resulting 
anion is quenched by 

R3 R2 R3 ^tJ^' 

^^^yJ^ ^^P^ , ^ Vlf^) step 2 R4> 

L II RiCON(OMe)Me JL JL 

Rs-'Tll ^ T II 

Re '^''j^^ ^^X^ 




L Rfppin, J. MuchowskI, JOC. 1993, 2631-2632 



wo 2004/094452 



PCT/US2004/011824 



44 



the addition of an activated carboxylic acid derivative such as a Weinreb amide. The 
resulting keto imine (2) can be converted to the corresponding isoquinoline by 
condensation with anunonium acetate at elevated tempetatures. This method is 
general and can be used for the synthesis of substituted isoquinolines. Said 



methods described herein. 

The construction of functionalized isoquinoline ring systems is also possible 
employing [4+2] cycloaddition reactions. For example as shown below the use of 
vinyl isocyantes (1) in cycloaddition reactions with benzyne precusors (2) provides 
10 functionalized isoquinolones (3). Said isoquinolines can be incorporated into 
compounds of Formula I using the methods described herein. 



The isoquinolines described herein, and which are incorporated into the compounds 
15 of Formula I can be furflier functionalized It is obvious to one skilled in the art that 
additional functionalization of said heterocycles can be done either before or after 
incorporation of these functionalities into compounds of Formula I. The following 
schemes illustrate this point. For example the scheme below shows the conversion of 
a 1-chloro- 



5 isoquinolines can be converted to the corresponding 1 -chloroisoquinoline by the 




(1) 



R3 ^2 



Ra R2 





20 



(1) 



(2) 
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6-fluoro-isoqumoline to the corresponding l-chloro-6-alkoxy-isoquinolme species, 
by treatment of (1) of (eq.l) with a sodium or potassium alkoxide species in the 
alcohol solvent from which the alkoxide is derived at room temperature. In some 
cases it may be necessary to heat the reaction to drive it to completion, Ihtemiediate 
5 (2) of equation 1 can be incorporated into compounds of Formula I by the teachings 
herein. As shown in equation 2 the analogous reaction can also be conducted on a 
substrate wherein the 6-fluoro-isoquinoline element has been incorporated into the 
macrocycle. Therein treatment of mtennediate 2 of equation 2 with a sodium or 
potassium alkoxide species in the alcohol solvent from which the alkoxide is derived 
1 0 can provide compounds of Formula 1 . 

The scheme below provides a general example for the modification of isoquinolines 
as defined herein by employing palladium mediated coupling reactions. Said 
couplings can be employed to functionalize an isoquinoline at each position of the 

1 5 ring system providing said ring is suitably activated or functionalized, as for example 
with a chloride as shown in the scheme. This sequence begins with 1- 
chloroisoquinoline (1) which upon treatment with metachloroperbenzoic acid can be 
converted to the corresponding N-oxide (2). Said intermediate (2) can be converted 
to the corresponding 1,3-dichloroisoquinoline (3) by treatment with phosphorous 

20 oxychloride in refluxing chloroform. Intermediate (3) can be coupled with N-Boc-4- 
hydroxyproline by the methods described herein to provide intermediate (5) as shown 
in the Scheme. Intermediate (5) can undergo a Suzuki coupling with an aryl boronic 
acid, in the presmce of a palladium reagent and base, and in a solvent such as THF or 
toluene or DMF to provide the C3-arylisoquinoline intermediate (6). 
25 Heteroarylboronic acids can also be employed in this Pd mediated coupling process 
to provide C3-heteroarylisoquinolines. Intermediate (6) can be converted into final 
compounds of Formula I by the methods described herein. 
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R3 R2 



R3 R2 



Re a 
(1) 



step 1 





Re CI 
(3) 



CI 




(2) 

R3 R2 



^ R2 



.OH 



Palladium mediated couplings of heteroaryl systems with aryl or heteroaryl elements 
can also be employed at a later synthetic stage in the construction of compounds of 
5 Formula I as shown below. Therein macrocycle tripeptide acylsulfonamide 
intermediate (1) is coupled to a l-chloro-3-bromoisoquinoline (2) usiug the 
previously described process of alkoxide displacement of an heteroarylhalo moiety to 
provide intermediate (3). The coiq)ling of (1) and (2) can be executed in the presence 
of a catalyst such as lanthanum chloride. The isoquinoline ring system of 

10 intermediate (3) can be further functionalized by employing either Suzuki couplings 
(Process 1: subjecting (3) to heteroaryl or aiyl boronic acids in the presence of a 
palladium catalyst such as palladium tetralds(triphenylphosphine) and a base such as 
cesium carbonate in solvents such as DMF) or Stille couplings (Process 2: subjecting 
(3) to heteraryl or aryl tin d©rvatives in the presence of palladium catalyst such as 

1 5 palladium tetrakis(triphenylphosphine in solvents such as toluene). 
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The present invention also provides compositions comprising a compound of 
S the present inventioxi, or a pharmaceutically acceptable enantiomer, diastereomer, 
salt, solvate or prodrug thereof, and a pharmaceutically acceptable carrier. 
Pharmaceutical conq)ositions of the present invention comprise a therapeutically 
effective amotmt of a compound of the invention, or a pharmaceutically acceptable 
enantiomer, diastereomer, salt, solvate or prodrug thereo:^ and a pharmaceutically 
10 acceptable carrier, with a pharmaceutically acceptable carder, e.g., excipient, or 
vehicle diluent 



The active ingredient, Le., compoimd, in such compositions typically 
comprises from 0. 1 weight percent to 99.9 percent by weight of the composition, and 
IS often comprises from about 5 to 9S wei^t percent. 



Thus, in one aspect of the invention, there is provided a composition 
comprising the compound of formula 1 and a pharmaceutically acceptable carrier. 
Preferably, the composition further comprises a compound having anti-HCV activity. 
20 As used herein, the term "anti-HCV activity" means the compound is effective to 
inhibit the function of a target selected from the group consisting of HCV 
metalloprotease, HCV serine protease, HCV polymerase, HCV helicase, HCV NS4B 
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protein, HCV entry. HCV assembly. HCV egress. HCV NS5A protein. IMPDH and a 
nucleoside analog for the treatment of an HCV infection. Often, the other compound 
having anti-HCV activity is effective to inhibit the function of target in the HCV life 
cycle other than the HCV NS3 protease protein. 

5 

In one preferred aspect, the conq)ound having anti-HCV activity is an 
interferon. Preferably, the interferon is selected from the group consisting of 
interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 
2A, lymphoblastiod interferon tau. 

10 

In another aspect of the invention, the confound having anti-HCV activity is 
selected from the group consisting of interleukin 2, interleukin 6, interlcukin 12, a 
compound that enhances the development of a type 1 helper T cell response, 
interfering RNA, anti-sense RNA, Lniqimod, ribavirin, an inosine 5'-monophospate 
15 dehydrogenase inhibitor, amantadine, and rimantadine. 

In one preferred aspect of the invention, the composition comprises a 
compound of the invention, an interferon and ribavirin. 

In another preferred aspect of the invention, the compound having anti-HCV 
activity is a small molecule compound. As used herein, the term "small molecule 
compound" means a compound having a molecular weight of less than 1,500 daltons, 
preferably less than 1000 daltons. Preferably, the smaU molecule compound is 
effective to inhibit the function of a target selected from the group consisting of HCV 
15 metaJloprotease, HCV serine protease, HCV polymerase, HCV helicase, HCV NS4B 
protein, HCV entry, HCV assembly, HCV egress, HCV NS5A protein, inosine 
monophophate dehydrog«iase ("IMPDH") and a nucleoside analog for the treatment 
of an HCV infection. 

0 Certam illustrative HCV inhibitor compounds which can be administered with 

the compounds of the present mvention include those disclosed in the following 
publications: WO 02/04425 A2 published January 17, 2002, WO 03/007945 Al 
published January 30, 2003, WO 03/010141 A2 pubUshed February 6, 2003, WO 
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03/010142 A2 published February 6, 2003, WO 03/010143 Al .published February 6, 
2003, WO 03/000254 Al published January 3, 2003, WO 01/32153 A2 published 
May 10, 2001, WO 00/06529 published February 10, 2000, WO 00/18231 published 
Apra 6, 2000, WO 00/10573 published March 2, 2000, WO 00/13708 published 
5 March 16, 2000, WO 01/85172 Al published November 15, 2001, WO 03/037893 
Al published May 8, 2003, WO 03/037894 Al published May 8, 2003, WO 
03/037895 Al published May 8, 2003, WO 02/100851 A2 published December 19, 
2002, WO 02/100846 Al published December 19, 2002, EP 1256628 A2 published 
November 13, 2002, WO 99/01582 published January 14, 1999, WO 00/09543 
10 published February 24, 2000. 

Table 1 below lists some illustrative examples of compounds that can be 
administered with the compoimds of this invention. The compoimds of the invention 
can be administered with other anti-HCV activity compounds in combination 
15 therapy, either jointly or separately, or by combining the compounds into a 
composition. 



TABLE 1 



Brand Name 


Type of Inhibitor or 
Target 


Source Company 


Omega IFN 


IFN-co 


BioMedicines Inc., 
Emeryville, CA 


BILN-2061 


serine protease inhibitor 


Boehringer Lngelheim 
Pharma KG, Ingelheim, 
Germany 


Siumnetrel 


antiviral 


Endo Pharmaceuticals 
Holdings Inc., Chadds Ford, 
PA 


Roferon A 


IFN-(x2a 


F. Hoffinann-La Roche LTD, 
Basel, Switzerland 


Pegasys 


PEGylated IFN-a2a 


F. HofGtnann-La Roche LTD, 
Basel, Switzerland 


Pegasys and Ribavirin 


PEGylated IFN-ot2a/ribavirin 


F. Hofifinann-La Roche LTD, 
Basel, Switz^erland 


CellCept 


HC V IgG 

immunosuppressant 


F. Hoffrnann-La Roche LTD, 
Basel, Switzerland 


Wellferon 


lynq)hoblastoid IFN-oenI 


GlaxoSmithKline pic, 
Uxbridge, UK 


Albuferon - a 


albumin IFN-^b 


Human Genome Sciences 
Inc., Rockville, MD 


Levovinn 


ribavirin 


ICN Pharmaceuticals, Costa 
Mesa, CA 


IDN-6556 


caspase inhibitor 


Idun Pharmaceuticals Inc., 
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Brand Name 


Type of Inhibitor or 
Target 


Source Company 






San Diego, CA 


IP-501 


antifibrotic 


Indevus Phannaoeuticals Inc., 
Lexington, MA 


Actunmune 


INF-Y 


InterMune Inc., Brisbane, CA 


Infergen A 


IFN alfacon-i 


InterMune Pharmaceuticals 
Inc., Brisbane, CA 


ISIS 14803 


antisense 


ISIS Pharmaceuticals Inc, 
Carlsbad, CA/Elan 
Phamaceuticals Inc., New 
Yorlc,NY 


JTK-003 


Rd^ inhibitor 


Japan Tobacco Inc., Tolcyo, 
Japan 


Pegasys and Ceplene 


PEGylated IFN-cx2a/ 
imxDiine modulator 


Maxim Pharmaceuticals Inc., 
San Diego, CA 


Ceplene 


immune modulator 


Maxim Pharmaceuticals Inc., 
San Diego, CA 


Civacir 


HCVIgG 

immunosuppressant 


Nabi Biopharmaceuticals 
Inc., Boca Raton, FL 


Intron A and Zadaxin 


IFN-oab/al -thymosin 


RegeneRx 

Biopharmiceuticals Lie, 
Bethesda, MD/ 
SciClone Pharmaceuticals 
Inc, San Mateo, CA 


Levoviirn 




Rib^harm Inc., Costa Mesa, 
CA 


Viramidine 


MJyjLX I11IIII1I1.H1 


Rib^harm Inc., Costa Mesa, 
CA 


Heptazyme 




Ribozyme Pharmaceuticals 
Inc., Boulder, CO 


Ijitron A 




Schering-Plough 
Corporation, Kenilworth, NJ 


PEG-Intron 


PEGylated IFN-a2b 


Schering-Plough 
Corporation, Kenilworth, NJ 


Rebetron 


IFN*-a2b/ribavirin 


Schering-Plough 
Corporation, Kenilworth, NJ 


Ribavirin 


ribavirin 


Schering-Plough 
Corporation, Kenilworth, NJ 


PEG-Intron / Ribavirin 


PEGylated IFN^b/ribavirin 


Schering-Plough 
Corporation, Kenilworth, NJ 




inimtine modulatrtr 

mill llilHM UmUMilOwi/A 


SciClone Pharmaceuticals 
Inc., San Mateo, CA 


Rebif 


IFN-3la 


Serono, Geneva, Switzerland 


IFN-Pand£MZ701 


BPN-P and EMZ701 


Transition Ther^eutics Inc., 
Ontario, Canada 


T67 


P-tubuIin inhibitor 


Tularik Inc., South San 
Francisco, CA 


VX-497 


IMPDH inhibitor 


Vertex Pharmaceuticals Inc., 
Cambridge, MA 


VX-950yLY-570310 


serine protease inhibitor 


Vertex Pharmaceuticals Inc., 
Cambridge, MA/ Eli Lilly 
and Co. Inc., Indianapolis, IN 


Omniferon 


natural IFN-a 


Viragen Inc., Plantation, FL 


XTL-002 


monoclonal antibody 


XTL Biopharmaceuticals 
Ltd., Rehovot, Isreal 
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15 



The phannaceutical canopositions of this invention may be administered 
oraUy, parenterally or via an implanted reservoir. Oral administtati0n or 
administration by injection are preferred In some cases, the pH of the formulation 
may be adjusted with phaimaceuticaUy acceptable acids, bases or buffers to enhance 
the stability of the formulated conqwund or its delivery form. The term parenteral as 
used herein includes subcutaneous, intracutaneous, intravenous, intramuscular, intra- 
articular, intxasynovial, intrastemal, intrathecal, and intralesional injection or infusion 
techniques. 



When orally administered, the pharmaceutical compositions of this invention 
may be administered in any oraUy acceptable dosage form including, but not limited 
to, capsules, tablets, and aqueous suspensions and solutions. In the case of tablets for 
oral use, carriers which are commonly used include lactose and com starch. 
Lubricating agents, such as magnesium stearate, are also typically added. For oral 
administration in a capsule form, useful diluents include lactose and dried com 
starch. When aqueous suspensions are administered oraUy, the active ingredient is 
combined with emulsifying and suspending agents. If desired, certain sweetening 
and/or flavoring and/or coloring agents may be added. Other suitable carriers for the 
20 above noted compositions can be found in standard pharmaceutical texts, e.g. in 
"Remington's Pharmaceutical Sciences", 19th ed.. Mack Publishing Company, 
Easton, Penn., 1995. 



The phannaceutical compositions can be prepared by known procedures usmg 
25 weU-known and readily available ingredients. The compositions of this invention 
may be formulated so as to provide quick, sustained or delayed release of the active 
ingredient after adnunistration to the patient by employing procedures well known in 
the art. In making the compositions of the present invention, the active ingredient 
will usually be adnuxed with a carrier, or diluted by a carrier, or enclosed within a 
30 carrier which may be in the form of a capsule, sachet, paper or other container. 

When the carrier serves as a dUuent, it may be a soKd, semi-soUd or liquid material 
which acts as a vehicle, excipient or medium for the active ingredient. Thus, the 
compositions can be in the form of tablets, pills, powders, beadlets. lozenges, sachets. 
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elixirs, suspensions, emulsions, solutions, syrups, aerosols, (as a solid or in a liquid 
medium), soft and hard gelatiju capsules, suppositories, sterile injectable solutions, 
sterile packaged powders and the like. Further details concerning the design and 
preparation of suitable delivery forms of the pharmaceutical compositions of the 
5 invention are known to those skilled in the art. 

Dosage levels of between about 0.01 and about 1000 milligram per kilogram 
("mg/kg") body weight per day, preferably between about 0.5 and about 250 mg/kg 
body weight per day of the compounds of the invention are typical in a monotheiapy 

10 for the prevention and treatment of HCV mediated disease. Typically, the 

pharmaceutical compositions of this invention will be acbninistered from about 1 to 
about 5 times per day or alternatively, as a continuous infusion. Such administration 
can be used as a chronic or acute therapy. The amount of active ingredient that may 
be combined with the carrier materials to produce a single dosage form will vary 

1 5 depending upon the host treated and the particular mode of adxninistration. 

As the skilled artisan will appreciate^ lower or higher doses than those recited 
above may be required. Specific dosage and treatment regimens for any particular 
patient will depend upon a variety of factors, including the activity of the specific 

20 compound employed, the age, body weight, general health status, sex, diet, time of 
administration, rate of excretion, drug combination, the severity and course of the 
infection, iho patient's disposition to the infection and the judgment of the treating 
physician. Generally, treatment is initiated with small dosages substantially less than 
the optimum dose of the peptide. Thereafter, the dosage is increased by small 

25 increments until the optimum efiTect under the circumstances is reached. In general, 
the compound is most desirably administered at a concentration level that will 
generally alBFord antivirally effective results without causing any harmful or 
deleterious side effects. 

30 When the compositions of this invention comprise a combination of a 

compound of the invention and one or more additional ihempeutic or prophylactic 
agent, both the compoimd and the additional agent are usually present at dosage 
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levels of between about 10 to 100%, and more preferably between about 10 and 80% 
of the dosage normally administered in a monotherapy regimen. 

When fliese compounds or their phannaceutically acceptable enantiomers, 
5 diastereomers, salts, solvates or prodrugs are formulated together with a 

phannaceutically acceptable carrier, the resulting composition may be administered 
in vivo to mammals, such as man, to inhibit HCV NS3 protease or to treat or prevent 
HCV virus infection. 



1 0 Accordingly, another aspect of this invention provides metbods of inhibiting 

HCV NS3 protease activity in patients by administering a compound of the present 
invention or a phannaceutically acceptable enantiomer, diastereomer, salt or solvate 
thereof 

15 In one aspect of the invention, there is provided a method of treating an HCV 

infection in a patient, comprising administering to the patient a therapeutically 
effective amount of the compound of the invention, or a phannaceutically acceptable 
enantiomer, diastereomer, solvate, prodrug or salt thereof. 

20 Preferably, the method of administering the compound is effective to inhibit 

the fimction of the HCV NS3 protease protein. In a prefenred aspect, the method 
further comprises administering another compound having anti-HCV activity (as 
described above) prior to, after or concurrently with a compound of the invention. 

25 The compoimds of the invention may also be used as laboratory reagents. 

Compounds may be instrumental in providing research tools for designing of viral 
replication assays, validation of animal assay systems and structural biology studies 
to further enhance knowledge of the HCV disease mechanisms. Further, the 
compounds of the present invention are usefid in establishing or determining the 

30 binding site of other antiviral compounds, for example, by competitive inhibition. 



The compounds of this invention may also be used to treat or prevent viral 
contamination of materials and tibierefore reduce the risk of viral infection of 
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laboratory or medical personnel or patients who come in contact with such materials, 
e.g., blood, tissue, surgical instruments and garments, laboratory instruments and 
garments, and blood collection or transfusion apparatuses and materials. 

Further, the compounds and compositions of the invention can be used for 
the manufecture of a medicament for treating HCV infection in a patient 

The present invention also provides processes for resolving a rruxture of alkyl 
ester enantiomers comprising contacting the mixture with an enzyme effective to 
preferentially promote the hydrolysis of one of the enantiomers; characterized in that 
the contacting is conducted in the presence of a buffer. Such a mixture of alkyl ester 
enantiomers can result from the preparation of chemical precursor B, described 
above. 

Preferably, the alkyl ester has the following Formula 




20 wherein: 

R25 is an amino protecting group, such as, for example carbamates, e.g., BOC imines, 
or amides; and 

25 R26 is selected from the group consisting of d.io alkyl, Ce-u aryl, C7.16 alkylaryl, 
C3-7 cycloalkyl or C3.10 alkyl cycloalkyL 

The particular buffer used in the processes of the present invention is 
not criticaL Typically, the buffer will have a pKa of ±1 of the pH at which the 
30 hydrolysis is conducted, e.g., pH from about 7.0 to 1 1 . Thus, if the hydrolysis is 
conducted, e.g., at a pH of 8.0, a buffer with a pKa of from about 7.0 to 9.0 can be 



10 



15 
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used. Preferred buffers are phosphates, borates and carbonates. Bcamples of suitable 
btiflfers include: 2-[(2-ainino-2K>xoeth34)anuno]ethanesulphonic acid, 
NK2-acetainido)-2-mimodiacetic acid, n,n-bis(2-hydroxyethyl)glycine, 
l,3-bis[tris(hydroxymethyl)rnethylanund]propane, o-Boric acid, carbonic acid, 
5 2-(cyclohexylamiDo)ethanesulphonic acid, Diethylmalonic acid, Glycylglycine, 
N-2-hydroxye1hylpiperazine-N'-2-ethane-sulphoriic acid (HEPES), 
N-2-hydroxycthylpipcrazine-N -3-propane-5ulphonic acid, im idazole, 
3-(N-morpholino)propanesulphonic acid, o-phosphoric acid, 
piperazine-N->r-bis(2-ethanesulphonic acid), 
1 0 piperazine- 1 ,4-bis(2-hydroxypropanesulfonic acid), 

3-[tris(hydroxymethyl)rnefhyl]aniino propanesulphonic acid, 

2-[tris(hydroxyraothyl)niethyl]araino ethanesulphonic acid, 

N-[tris (hydroxymethyl)methyl]glycine, and tris(hydroxylmethyl)aminomethane. 

1 5 Any razyme effective to preferentially hydrolyze the desired alkyl estes 

enantiomer can be used in accordance with the present invention. Proteases, lipases 
and esterases are often used for hydrolysis of carboxylic ester bonds. The enzymes 
suitable for use in accordance with the present invention, regardless of origin or 
purity, may be employed in the free state, either liquid or dry forms, or immobilized 

20 on a support such as, for example, by physical adsorption or entrapment. Examples 
of lipases include lipases from Candida rugosa. Wheat Germ, Porcine Pancreas, 
Rhizopus arrhizus, Candida antarctica, Mucor miehei, Aspergillus niger, 
Pseudomonas species, Candida lipolytica, Humicola langinosa and Mucor javanicus. 
Examples of esterase include pig liver esterase (PLE), horse liver esterase (HLE), 

25 acetylcholine esterase (ACE), cholesterol esterase, esterase from Bacillus subtilis 
(carboxyl esterase NP). Proteases are generally defined as hydrolases acting on 
peptide bonds as their natural substrates, but they are capable of cleaving a carboxylic 
ester bond since an ester bond is much weaker than a peptide (amide) bond. 
Examples of proteases include a-chymotrypsin, thermolysin, papain, proteases from 

30 Aspergillus sp.. Bacillus sp., Rhizopus sp., Penicillum sp., Streptomyces griseus. 

In the ester of Formula VHI, the chiral center in the acid moiety is fully 
substituted. This represents a difficult target for hydralitic enzymes since their 



wo 2004/094452 



56 



PCT/US2004/011824 



natural substrates (such as natural amino acids) usually contain at least one a- 
hydrogen. Quite surprisingly, it was found in accordance with the present invention 
that certain proteases were higfily effective for the enantioselective hydrolysis of 
ester Vin. Preferred proteases include proteases from strains selected from the group 
5 consisting of Bacillus globigii. Bacillus Ucheniformis, Bacillus halodurans. Bacillus 
clausii and Aspergillus oryzae. Examples of suitable enzymes include those selected 
from the group consisting of Alcalase® (subtilism, alkaline protease, Novozymes 
North America Inc., Franklington, NC), Savinase® (substilisin, alkaline protease, 
Novozymes), ChiroCLEC™- BL (subtiUsin, alkaline protease, Altus Biologies, Inc.,), 
10 Protease N (subtilisin, alkaline protease, Amano) and Flavourzyme™ (fungal 

protease/peptidase, Novozymes). Further detaUs of such enzymes are known in the 
art Such enzymes are commercially available. These enzymes can be employed 
alone or used as mixtures thereof. 

15 The ester hydrolysis leads to the release of an alcohol and a carboxylic acid, 

which can lower the pH significantly if no buffer is present. In accordance with the 
present invention, it has been found that including buffer in the reaction mixture can 
stabilize the pH in the course of hydrolysis, thus contributing to higher enzyme 
activity and stability. 



20 



25 



Futhermore, by virtue of the present invention, it is possible to conduct the 
hydrolysis at elevated temperatures, preferably about 30 to dO^'C, and for short time 
periods, preferably less than about seven days, more preferably from about two hours 
to three days. 

EXAMPLES 



The specific examples that follow illustrate the syntheses of the compounds of 
the present invention, and are not to be construed as limiting the scope of the claims 
30 which follow. The methods may be adapted to variations in order to produce 
compounds embraced by this invention but not specifically disclosed. Further, 
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variations of the methods to produce the same compomids in somewhat different 
manner will also be evident to one skilled in the art. 

Chemical abbreviations commonly used to identify chemical compounds 
5 disclosed herein include Bn: benzyl; Boc: tert-butyloxycarbonyl {Me3C0C(0)}; 
BSA: bovine serum albumin; CDI: carbonyldiimidazole; DBU: 1,8-diazabicy- 
clo[5.4.0]-undec-7-ene; CH2Cl2=DCM: methylene chloride; TBME: tert-hutyl 
methyl ether; DEAD: diethylazodicarboxylate; DIAD: diisopropylazodicarboxylate; 
DIEA: diisopropylethylamine; DIPEA: diisopropylethylamine; 4-DMAP: 4- 

10 dimethylaminopyridine; DCC: 1,3-dicyclohexylcaibodiiniide; DMF: 

dimethylformamide; DMSO: dimethylsulfoxide; DPP A: diphenylphosphoryl azide; 
Et: ethyl; EtOH: ethanol; EtOAc: ethyl acetate; Et20: diethyl ether; Grubb's Catalyst: 
bis(tricyclohexylphosphine)benzylidene ruthenium (IV) dichloride; Grubb's 2^^ 
Generation Catalyst: tricyclohexylphosphine[l,3- bis(2,4,6-trimethylphenyl)-4,5- 

15 dihydroimidazol-2-ylidene][benzylidene]ruthenium (TV) dichloride; HATU: [0-(7- 
azabenzotriazoH-yl)-N,N,N',N -tetramethyluronimn hexafluorophosphate; HBTU: 
[0-(lH-berizotria2ol-l-yl)-N,N,N',N'-tetramethyluroniumhexafluorophosphate; 
HOBT, l-hydroxybenzotriazole; HO AT, l-hydroxy-7-azabenzotriazole; HPLC: high 
performance liquid chromatography; MS: mass spectrometry; Me: methyl; MeOH: 

20 methanol; NMM: N-methyhnorphoIine; NMP: N-methylpyrroIidine; Pn propyl; 
PPA: polyphosphoric acid; TBAF: tetra-n-butylammonium fluoride; 1,2-DCE or 
DCE: l,2"dichloroethane; TFA: trifluoroacetic acid; THF: tetrahydrofuran. 

Solution percentages express a weight to volume relationship, and solution 
25 ratios express a volume to volume relationship, unless stated otherwise. Nuclear 

magnetic resonance (NMR) spectra were recorded either on a Bruker 300, 400 or 500 
megahertz (MHz) spectrometer; the chemical shifts (5) are reported in parts per 
million. Flash chromatography was carried out on silica gel (SiOa) evident to one 
skilled in the art. All Liquid Chromatography (LC) data were recorded on a 
30 Shimadzu LC-IOAS liquid chromatograph using a SPD-IOAV UV-Vis detector and 
Mass Spectrometry (MS) data were determined with a Micromass Platform for LC in 
electrospray mode (ES4-). 
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Unless otherwise noted, each compound was ai^alyzed, by LCVMS, using one 
of three methodologies, having the following conditions. 

Columns: Method A) - YMC Xtena ODS S7 micrometer CV^'l 3.0x50 
5 millimeter C*mm") i,e., 3.0 mm diameter by 50 mm length. 
Gradient: 100% Solvent A/0% Solvent B to 

0% Solvent A/100% Solvent B 
Gradient time: 4 min (A) 
Hold time: 1 min (A); 2 min 
10 Flow rate: 4 mL/min 

Detector Wavelength: 220 nanometer Ctmi") 
Solvent A: 10% MeOH / 90% H2O / 0.1% TFA 
Solvent B: 10% H2O / 90% MeOH / 0.1% TFA. 



15 Columns: Method B) ^ YMC Xterra ODS S7 3.0x50 mm Gradient: 100% 

Solvent A/0% Solvent B to ' 
0% Solvent A/100% Solvent B 
Gradient time: 2 min 
Hold time: 1 min 
20 Flow rate: 5 mL/min 

Detector Wavelength: 220 nm 

Solvent A: 1 0% MeOH / 90% H2O / 0. 1 % TFA 

Solvent B: 10% H2O / 90% MeOH / 0.1% TFA. 

25 Columns: Method D) - YMC Xterra C18 5 |LiM 3.0x50 mm 

Gradient 100% Solvent A/0%Solvent B to 0% Solvent 
A/100% Solvent B 
Gradient time: 3 min 
Hold time: 1 min 
30 Flow rate: 5 mUvodn 

Detector Wavelength: 220 nm 

Solvent A: 10% MeOH / 90% H2O / 0.1% TFA 

Solvent B: 10% H2O / 90% MeOH / 0.1% TFA. 
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Unless otherwise noted, preparative HPLC was carried out under the foUowing 
conditions. 

5 Gradient time: 10 min 
Hold time: 2 mm 
Flow rate: 25 mL/min 
Detector wavelength: 220 nM 
Solvent A: 10% MeOH/90%H2O/0.1% TFA 
10 Solvent B: 10% H2O / 90% MeOH / 0.1% TFA 

The pure fractions were combined and O.IN NaOH was used to bring the pH up to 7. 
The solution was concentrated in vacuo, and then the pH was carefully lowered to pH 
3-4 using O.IN HCL The mixture was quickly extracted with ethyl acetate (3x). The 
15 combined extracts were dried (MgS04) and concentrated in vacuo to give the purified 
products. 

The compounds and chemical intermediates of the present invention, 
described in the following examples, were prepared according to the following 
20 methods. 

Example 1 Preparation o f Representative Intermediatefs 

Preparation of P2 isoquinoline intermediates for incorporation into compounds of 
25 Formula 1 
MelhodA 
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Step 1: 

To a solution of 3-methoxy ciimamic acid (1 L04 g, 62 mmol) and 
5 triethylamine (12.52 g, 124 mmol) in acetone (80 mL) was added ethyl chloroformate 
(approximately 1.5 equivalents) dropwise at O^C. After stirring at this temperature for 
1 h, aqueous NaNa (6.40 g, 100 nmiol in 35 mL H2O; appropriate precautions must 
be taken when using sodium azide) was added dropwise and the reaction mixture was 
stirred for 1 6 h at the ambient temperature. Water (1 00 mL) was added to the mixture 

10 and the volatile was removed in vacuo. The resuhing slurry was extracted with 

toluene (3X50 mL) and the combiaed organic layers were dried over MgS04. This 
dried solution was added dropwise to a heated solution of diphenylmethane (50 mL) 
and tributylamine (30 mL) at 190°C. The toluene was distilled off as added. After 
complete addition, the reaction temperature was raised to 210*^0 for 2 h. After 

1 5 cooling, the precipitated product was collected by filtration, washed with hexane 
(2X50 mL), and dried to yield the desired product as a white solid (5.53 g, 51%) 
(Nicolas Briet at eh Tetrahedron, 2002, 5761-5766). 
LC-MS (retention time: 0.82 min, method B), MS m/z 176 (M^+H). 

20 An altenative procedure to the above employs diphenylphosphoryl azide for 

the conversion of the carboxylic acid to the corresponding acylazide. In a one pot 
procedure then the acid is converted to the corresponding quinolone. The process is 
described below for the prepapration of 4-mefhyl-2H-isoquinolin-l-one from 3- 
phenyl-but-2-enoic acid: 
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A solution of 3-phesayl-but-2-enoic acid (16.2 g), diphenylphosphoryl azide (27.5 g). 
and triethylamine (10.1 g) in benzene (100 mL) was stirred for 1 h. After filtration 
through a silica gel plug washing with benzene and concentration, the residue was 
dissolved in diphenyhnethane (80 mL) and refluxed for 3 h. After cooling to rt, 
5 solids were collected through a plug washing with benzene and dried to give 10 g 
(63%) of the desired 4-methyl-2fr-isoq[uinolin-l-one as a solid. 'H NMR (400 MHz, 
CD3OD) 5 ppm 2.30 (s, 3 H), 7.00 (s, 1 H). 7.54 (m, 1 H), 7.77 (m, 2 H). 8.33 (d, 
JS=7.34Hz,lH). 

10 Step 2: 

6-Methoxy-2iir-isoquiiiolin.l-one ( 5.0 g, 28.4 nunol) in POCI3 (10 mL) was heated 
to gentle reflux for 3 h the evaporated in vacuo (Nicolas Briet at el. Tetrahedron, 
2002, 5761-5766). The residue was poured into iced water (20 mL) and neutralized to 
pH 10 with 10 M NaOH. Extracted with CHCI3. The organic layer was washed with 
15 brine, dried over MgS04, filtered, evaporated. The residue was purified by flash 

chromatography (1:1 hexane-EtOAc) to afford 4.41 g (80%) of the desired product as 
a white solid. 

'H NMR (CD3OD) 5 3.98 (s, 3H). 7.34-7.38 (m, 2 H), 7.69 (d, J^5.5 Hz. IH), 8.10 
(d, J^.O Hz, IH), 8.23 (d, J^.5 Hz, IH); 
20 LC-MS (retention time: 1 .42 min. method B), MS m/fe. 1 94 (M*+H). 

Step 3: 

To a solution of N-BOC-3-(R>hydroxy-L-proline (892 mg, 3.89 mmol) in 
DMSO (40 mL) at the ambient temperature was added potassium tert-butoxide (1.34 

25 g, 12.0 mmol) in one portion. The formed suspension was stirred at this temperature 
for 30 min before being cooled to 10°C. l-chloro-6-methoxy-isoqumoline (example 
11, Step 2) (785 mg, 4.05 mmol) was added as solid in one portion and the final 
mixture was stirred at the ambient temperature for 12 h. Quenched with iced 5% 
citric acid (aq), extracted with EtOAC (100 mL). The aqueous phase was extracted 

30 with EtOAC a^in. The combined organic layers were washed with 5% citric acid 

(aq) and brine respectively, dried over MgS04, filtered. The filtrate was evaporated in 
vacuo to dryness to yield 1.49 g (99%) of the desired product as an ofif-white foam. 
This material was used in the next step reaction as crude without fiuther purification. 
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'H NMR (CD3OD) 5 1.42. 1.44 (lotamers, 9H), 2.38-2.43 (m, IH), 2.66-2.72 (m, 
IH), 3.80-3.87 (m, 2H), 3.92 (s, 3H), 4.44^.52 (m. IH). 5.73 (b. IH). 7.16-7.18 (m, 
2H). 7.24-7.25 (m, IH), 7.87-7.88 (m. IH), 8.07 (d, 7^=8.5 Hz. IH); 
LC-MS (retention time: 1.62 min, method B), MS m/^ 389 (M*+H). 
5 The following intermediates were prepared as described herein and can be 
incorporated into compoimds of Fonraula 1 




Boc 



Step I: 

Modifications: 15 g 3-methoxy-3-phenyl-acryUc acid used, 250 mg product obtained 

(2% yield). 

Product: 




■h NMR (400 MHz, CD3COCD3) 8 ppm 3.85 (s, 3 H), 6.96 (s, 1 H), 7.54 (m. 1 H), 
15 7.71 (m, 1 H), 7.86 (d, ^.07 Hz, 1 H). 8.31 (d, J^8.07 Hz, 1 H). 

Step 2: 

Modifications: 200 mg 4-methoxy-2ff.isoquinolin-l-one used, 150 mg product 
obtained (68% yield). 
20 Product 
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NMR (400 MHz, CDCI3) 5ppm 4.05 (s, 2 H), 7.71 (m, 1 H), 7.72 (m, 2 H), 7.80 
(s, 1 H), 8.23 (dd, J^18.71, 7.70 Hz, 2 H). 

Step 3: 

5 Modifications: 122 mg l-chloro-4-methoxy-isoquinoline used, 218 mg product 
obtained (89% yield). 
Product: 




OH 

Boo 

MS:(M+Na)''411. 

10 

The following intermediates were prepared as described herein and can be 

incorporated into compoimds of Formula 1 

1 




o^ ^ P 

OH 

Bog 

15 

Step 1: 

Modifications: 20 g 2-methylcinnamic acid used, 14.3 g product obtained (72% 

yield) 

Product: 



20 
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Data: 'H NMR (400 MHz, CD3OD) 8 ppm 2.54 (s, 1 H), 6.69 (d, J=n3 Hz, 1 H), 
7.23 (d, J=n3 Hz, 1 H), 7.39 (t. ^,8 Hz, 1 H), 7.50 (d, J^.l Hz, 1 H), 8.30 (d, 
J^.l Hz, 1 H), 11.62 (s, 1 H); MS: (M+H)'"160. 

5 Step 2: 

Modifications: 14.4 g S-methyl-^/Msoquinolin-l-one used, 10.6 g product obtained 

(66% yield). 

Product: 




CI 



10 Data: ^H NMR (400 MHz, CDCI3) 6 ppm 2.67 (s, 3 H), 7.55 (m, 2 H), 7.70 (dd, 
J^5.9, 1.0 Hz, 1 H), 8.19 (m, 1 H), 8.28 (d, ^5.9 Hz, 1 H); MS: (M+H)"- 178. 

Stq>3: 

Modifications: 533 mg l-chloro-5-methyl-isoquinoline used, 1116 mg product 
15 obtained (100% yield). 
Product 




Boc 



Data: MS: (M+H)"'373. 

The following intermediates were prepared as described herein and can be 
20 incorporated into compounds of Fonnula 1 
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10 




"-N OH 

Bog 

Step 1: 

Modifications: 10 g 2-metlioxy cinnamic acid used, 53 g product obtained (53% 
yield). 
5 Product: 

OMe 

NH 

6 

Data: NMR (400 MHz, CD3OD) 8 ppm 3.95 (s, 3 H), 6.94 (d, J=7.3 Hz, 1 H), 
7.08 (d, J^S.l Hz, 1 H), 7.14 (d, J^3 Hz, 1 H), 7.43 (t, J==SA Hz, 1 H), 7.99 (d, 
^.1 Hz, 1 H), 10.92 (s, 1 H); MS: (M+H)"" 176. 




Step 2: 

Modifications: 5.3 g 5-methoxy-2ff-isoquinolin-l-one used, 5.38 g product obtained 

(92% yield). 

Product: 




N 

15 CI 

Data: ^H NMR (400 MHz, CDCI3) 5 ppm 4.01 (s, 3 H), 7.04 (d, J^.S Hz, 1 H), 7.57 
(t, js=8.1 Hz, 1 H), 7.88 (d, J^.6 Hz, 1 H), 7-97 (d, J^5.9 Hz, 1 H), 8.25 (d, ,^=5.9 
Hz,lH);MS:(M+H)"'l94. 



20 Step 3: 

Modifications: 581 mg l-chloro-5-methoxy-isoquinolineused, 1163 mg product 
obtained (100% yield). 
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Product: 




Data: MS: (M+H)* 389. 

The foUowing intermediates were prepared as described herein and can be 
5 incorporated into compounds of Formula 1 




Boc 

Step 1: 

Modifications: 25 g 2-clilorocimiamic acid used, 14.6 g product obtained (59% 
10 yield). 
Product: 



NH 




O 



Data: NMR (400 MHz, CD3OD ) 5 ppm 7.22 (d, ^7.3 Hz, 1 H), 7.42 (t, J^7.8 
Hz, 1 H), 7.73 (d, y=7.8 Hz, 1 H), 8.34 (d, J^8.1 Hz, 1 H), 10.61 (s, 1 H); MS: 
15 (M+H)^180. 

Step 2: 

Modifications: 14.2 g 5-.cMoro-2ijr"isoqumolin-l-one used, 8.28 g product obtained 
(53% yield). 
20 Product: 
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CI 




CI 



Data: NMR (400 MHz, CDCI3) 8 ppm 7.60 (dd, J==8. 6, 7.6 Hz, 1 H), 7.83 (m, 1 
H), 8.00 (d, J^5.9 Hz, 1 H), 8.29 (dt, J=8.9, 1.0 Hz, 1 H), 8.38 (d, J^5.9 Hz, 1 H); 
MS:(M+H)^198. 

Step 3: 

Modifications: 594 mg 1,5-dichloro-isoquinoline used, 1 174 mg product obtained 

(100% yield). 

Product: 



CI 




10 Boo 
Data: MS: (M+H)^ 393. 

The following intermediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 



F 




15 Bog 
Step 1: 

Modifications: 16.6 g2-fiuorocinnainic acidiised, 8.55 g product obtained (51% 

yield). 

Product 
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Data: NMR (400 MHz, CD3COCD3) 5 ppm 6.62 (d, J=n.l Hz, 1 H). 7.32 (d, 
Hz, 1 H), 7.47 (m, 2 H), 8.09 (m. 1 H). 

5 

Step 2: 

Modifications: 8.4 g S'-fluoro-2/?-isoquinoIin-l-one used, 7.5 g product obtained 
(80% yield). 
Product: 

F 

N 

10 h 

Data: 'H NMR (400 MHz, CDOj) 6 ppm 7.43 (ddd, J^.7, 7.8, 0.9 Hz, 1 H), 7.62 
(td, J^.2, 5.4 Hz, 1 H), 7.84 (d, J^.6 Hz. 1 H), 8.14 (d, ^.6 Hz. 1 H), 8.33 (d, 
^5.9 Hz, 1 H); MS: (M+H)"^ 182. 

15 Step 3: 

Modifications: 203 mg l-chloro-5-fluoro-isoquinoline used, 384 mg product obtained 

(90% yield). 

Product 

F 





OH 

Boc 

20 Data: 'H NMR (400 MHz, CD3SOCD3) 6 ppm 1.34^ 1 .36 (2s, 9 H, rotamers), 2.35 
(m, 1 H), 2.61 (m, 1 H), 3.65 (d, J^12.23 Hz, 1 H), 3.80 (m, 1 H), 4.35 (m, 1 H), 5.70 
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(s. 1 H), 7.48 (d, J^.ll Hz, 1 H), 7.63 (m, 2 H), 7.99 (m, 1 H), 8.10 (d, js=5.87 Hz, 1 
H);MS:(M+Na)"^399. 

The following inteimediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 

5 




Step 1: 

Modifications: 16.6 g 4-fluQn)cinnamic acid used, 8.2 g product obtained (49% 
yield). 
10 Product: 




Data: ^H NMR (400 MHz, GD3COCD3) Sppm 6.57 (d, ^.09 Hz, 1 H), 7.21 (d, 
js=7.09 Hz, 1 H), 7.50 (m, 1 H), 7.72 (dd. ^8.68, 5.26 Hz, 1 H), 7.90 (dd, J^.54, 
2.93 Hz, 1 H). 

15 

Step 2: 

Modifications: 8.15 g 7-fluoro-2ff-isoquinolin-l-one used, 7.6 g product obtained 

(84% yield). 

Product: 

20 CI 

Data: 'h NMR (400 MHz, CDCI3) 5ppm 7.52 (td, ^8.6, 2.6 Hz, 1 H), 7.59 (d, J^5.6 
Hz, 1 H), 7.86 (dd. J^9.1, 5.4 Hz, 1 H), 7.95 (dd, ^.5, 2.5 Hz, 1 H), 8.26 (d, .^=5.6 
Hz, 1 H); MS: (M+H)* 182. 



25 Step 3: 
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Modifications: 191 mg l-cMon>-7.fluoro.isoquinoIine used, 350 mg product obtained 
(93% yield). 

Product: 




N 

OH 

Boc 

5 Data: MS: (M+Na)"^ 399. 

The following intermediates were prepared as described herein and can be 
incorporated into compounds of Fomiula 1 



CI 




N 



OH 



Boc 

10 



Step 1: 

Modifications: 9.13 g 4-chlorociiiiianiic acid used, 4 g product obtained (44% yield). 
Product: 




O 

15 Data: »H NMR (400 MHz. CD3SOCD3) 5ppm 6.58 (d, J^,\ Hz, 1 H), 7.20 (dd, 
J=nA, 5.9 Hz. 1 H), 7.72 (m, 2 H), 8.10 (m, 1 H). 

Step 2: 

Modifications: 3.5 g 7-chloro-2ff-isoquinolin-l-one used, 2.8 g product obtained 
20 (72% yield). 
Product: 
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CI 



Data: NMR (500 MHz, CDCI3) 5 ppm 7.59 (d, ^5.5 Hz, 1 H), 7.69 (dd, J^8.9, 
2.1 Hz, 1 H), 7.80 (d, ,^8.6 Hz, 1 H), 8.29 (d, J^5.5 Hz, 1 H), 8.34 (s, 1 H); MS: 
(M+Hf 198. 

5 

Step 3: 

Modifications: 208 mgl,7-dichloro-isoquinoline used, 350 mg product obtained 

(89% yield). 

Product: 




10 Boo 
Data: MS: (M+Na)^ 415. 

The following intermediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 




15 Boc 
Step 1: 

Modifications: 25 g 4-methylcinnamic acid used, 15.3 g product obtained (62% 



yield). 
Product: 
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72 



Data: NMR (400 MHz, CD3OD) 8 ppm 2.50 (s, 3 H), 6.54 (d, J^A Hz, 1 H), 
7.13 (d, J^7.1 Hz, 1 H), 7.49 (m, 2 H), 8.22 (s, 1 H), 11.49 (s, 1 H); MS: (M+H)"- 
160. 

5 Step 2: 

ModifLcations: 1 5.3 g 7-methyl-2J?-isoquinoliii-l -one used, 5. 1 5 g product obtained 

(30% yield). 

Product: 



10 Data: NMR (400 MHz, CDCI3) 5 ppm 2.58 (s, 3 H), 7.56 (m, 2 H), 7.73 (d, J^.3 
Hz, 1 H), 8.09 (s, 1 H), 8.20 (d, J^5.6 Hz, 1 H); MS: (M+H)^ 178. 

Step 3: 

Modifications: 205 mg I-chloro-7-niethyl-isoquinoline used, 350 mg product 
15 obtained (89 % yield). 
Product: 



Data: MS: (M+H)"" 373. 

The following intermediates were prepared as described herein and can be 
20 incorporated into compounds of Formula 1 




CI 




N 



OH 



Boc 




N 



OH 



Boc 



Step 1: 
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Modifications: 33 g using 4-methoxycinnaimc acid used, 7 g product obtained (33% 

yield). 

Product: 

O 

5 Data: 'H NMR (500 MHz, CD3COCD3) 6 ppm 3.90 (s. 3 H), 6.49 (d, J^.O Hz, 1 H). 
7. 10 (d, Ji=7.3 Hz, 1 H), 7.28 (dd, J=S.6, 2.8 Hz, 1 H). 7.57 (d, J5=8.9 Hz, 1 H), 7.71 
(d,J^.8Hz, IH). 

Step 2: 

10 Modifications: 4 g 7-methoxy-2ff-isoqumoIin-l-oneused, 3 g product obtained 
(68 % yield). 
Product: 




Data: 'H NMR (400 MHz, CDCI3) 8 ppm 3.98 (s, 3 H), 7.38 (dd, .^=8.9. 2.6 Hz, 1 H), 
15 7.52 (m, 2 H), 7.73 (d, J=8.8 Hz, 1 H), 8. 1 6 (d, J^5.4 Hz, 1 H). 

Step 3: 

Modifications: 533 mg l-chloro-7-methoxy-isoquinoline used, 1 1 15 mg product 
obtained (1 00 % yield). 
20 Product: 




OH 

Boo 

The following intermediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 
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Modifications: 1 9.6 g 4.fluoro-3.metlioxyciimamic acid used, 9.5 g product obtained 
(48% yield). 



5 



Product: 



MeO 




F 



NH 



O 



Data: NMR (400 MHz, CD3COCD3) 5 ppm 4.00 (s, 1 H), 6.49 (d, J^7.34 Hz, 1 
H), 7.19 (d, ,^.09 Hz, 1 H), 7.29 (d, 7=8.07 Hz, 1 H), 7.86 (d, J^l 1.74 Hz, 1 H). 

10 Step 2: 

Modifications: 9 g 7-fluoro.6-metJioxy-2/?.isoquinolin-l incused, 7 g product 

obtained (70% yield). 

Product: 



15 Data: ^H NMR (400 MHz, CDCI3) 5 ppm 4.04 (s, 3 H), 7.17 (d, J^.07 Hz, 1 H), 
7.48 (d, J^5.62 Hz, 1 H), 7.94 (d, J^l 1.49 Hz, 1 H), 8.20 (d, J^5.62 Hz, 1 H). 

Step 3: 

Modifications: 222 mg l-chloro-7-fluoro-6.methoxy-isoquinoline used, 406 mg 
20 products obtained. 
Products: 




CI 
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5 

The following intermediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 




Boc Boo 

10 Step 1: 

Modifications: 3.8 g 3-(2,3-dihydro-benzofuraii-7-yl)-acrylic acid used, 2 g product 
obtained (53% yield). 

Product: - ' 




15 Data: NMR (400 MHz, CD3OD) 5 ppm 3.37 (t, J^.05 Hz, 1 H), 4.73 (t, J^.05 
Hz, 2 H), 6.67 (d, J=n.W Hz, 1 H), 7.10 (d, J^.09 Hz. 1 H), 7.37 (d, JE=8.07 Hz. 1 
H), 7.81 (d, J^8.07 Hz. 1 H); MS: QA+Hf 188. 



Step 2: 
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Modifications: 1 .87 g 2,3KUhydto-7Jy-furo[2^-qisoqumolm-6one used, 1 .84 g 

product obtained ( 90% yield). 

Product: 




5 Data: *H NMR (400 Hz, CDCI3) 5 ppm 3.43 (t, .^^.05 Hz, 2 H), 4.82 (t, 7=9.05 Hz, 
2 H), 7.52 (d, ^8.56 Hz, 1 H), 7.66 (d, J=5.62 Hz, 1 H), 7.84 (d, ^-=8.31 Hz, 1 H), 
8.19 (d, J^5.62 Hz, 1 H); MS (M+H)* 206. 

Step 3: 

10 Modifications: 206 mg 6-chloro-2,3-dihydro-furo[2,3-fjisoquinoline used, 300 mg 
products mixture obtained. 
Products: 




The following intermediates were prepared as described herein and can be 
incorporated into compoimds of Formula 1 





20 



Boc 



Boc 
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Step 1: 

Modifications: 1.14 g3-(2,3-dihydro.benzofuran^-yl)-acryUc acid 600 

product obtained (52% yield). 

Product- 




Data: NMR (400 MHz, CD3OD) 5 ppm 3.35 (t, Hz, 2 H), 4.74 (t, ^8.93 

Hz, 2 H). 6.49 (d, ^.09 Hz, 1 H), 6.95 (d, ^8.56 Hz, 1 H), 7.25 (d, ^7.09 Hz„ 1 
H), 8.13 (d, J£=8.80 Hz, 1 H); MS (M+H)"^ 188. 

10 Step 2: 

Modifications: 560 mg l,7-dihydro.2H.fiiro[3,2-fIisoqmnolin-6-one used, 380 mg 

product obtained ( 48% yield). 

Product: 




15 Data: ^H NMR (400 Hz, CDCI3) 5 ppm 3.47 (t, J^.05 Hz, 2 H), 4.84 (t, js=9.05 Hz, 
2 H), 7.24 (d, J=8.56 Hz, 1 H), 7.33 (d, J^5.87 Hz, 1 H), 8,20 (m, 2 H); MS (M+H)^ 
206. 



Step 3: 

20 Modifications: 105 mg 6-chloro-l,2-.dihydro-furo[3,2-f|isoquinoline used, 390 
products mixture obtained. 
Products: 
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15 



20 




The following intermediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 

CI 

II I 

il 
5 

Stepl: 

Modifications: A mixture of 6-methoxy-2/Z-isoquinolin-l-one (700 mg) and NCS 
(532 mg) in MeCN (10 mL) was reflxixed for 3 h. Filtration gave 600 mg (72%) of 
the desired product as a solid. 
10 Product: 

o 

Data: 'h NMR(400 MHz, CD3OD) 5 ppm 3.96 (s, 1 H). 7.19 (d4^=8.80. 2.45 Hz. 1 
H). 7.28 (d. Hz, 1 H), 7.34 (s, 1 H), 8.25 (d, J^.OS Hz. 1 H); MS: (M+Hf 



210. 



Step 2: 

Modifications: 500 mg 4-chloio-6-methoxy-2H-isoquinolin-l-one used, 400 mg 

product obtained. 

Product: 

CI 




Data: 'H NMR (400 Hz, CDCI3) 8 ppm 4.01 (s, 3 H). 7.35 (d. J^2.45 Hz, 1 H), 7.41 
(d, J5=2.45 Hz, 1 H), 8.24 (d, J^.29 Hz. 1 H). 8.27 (s. 1 H); MS: (M+Hf 229. 



25 
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Method B 




Step 1: 

5 A mixture of 4-methoxy-2-iiiethyl-beiizoic acid (5.00 g, 30.1 mmol) and 

thionyl chloride (20.0 g, 0,17 mol) was heated to reflux for 30 min. Removed the 
volatile in vacuo. After piimping overnight, the viscous oily acid chloride was 
used as crude for the next reaction without any purification. 

10 To a solution of 4-methoxy-2-methyl-ben2oyl chloride in CH2CI2 (60 mL) at 

O^C was added diethylamine dropwise. The formed mixture was allowed to wann up 
to the ambient temperature for 2 h with stiiring. Removed the volatiles in vacuo. The 
residue was triturated with EtOAc (100 mL) and filtered. The filtrate was washed 
with IM HCl , IM NaOH and brine, dried over MgS04. Evaporation of the solvent 

15 yielded 6.5 1 g (98%) of the desired product as a viscous oil. 

LC-MS (retention time: 1 .20 min, method B), MS m/z 222 (M'*"+H). 

Step 2: 

To a solution of N,N-diethyl-4-methoxy-2-methyl-benzamide (221 mg, 1.0 
20 mmol) in THF (2 mL) at -78°C was added n-BuLi (0.84 mL of 2.5 M in hexane, 2. 10 
mmol) dropwise. The formed orange solution was kept at this temperature for 
additional 30 min before dropwise addition of benzonitrile (103 mg, 1.0 mmol). The 
final solution was allowed to warm up to the ambient temperature over night with 
stirring. Quenched with iced 5% citric acid. Filtered, washed with water, dried. 
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Trituration with 2:1 hexane-EtOAc (5 mL) yielded 205 mg (82%) of the desired 
product as a white solid. 

NMR (d6-DMSO) 6 3.89 (s, 3H), 6.84 (s. IH), 7.05-7.07 (m, IH), 7.18 (d, J^.5 
Hz, IH), 7.44-7.51 (m, 3H), 7.78 (d, J^.O Hz, IH), 8.11 (d, J=9.0 Hz, IH); 
5 LC-MS (retention time: 1 .20 min, method B), MS m/z 252 (M^+H). 

Step 3: 

This product, l-chloro-6-methoxy-3-phenyl-isoquinoline, was prepared by the 
same method as described above except using 6-methoxy-3-phenyl-2H-isoqiiinolin- 
10 1-one instead. 

^H NMR (CDCI3) 8 3.97 (s, 3H), 7.12 (d, 7=2.5 Hz, IH), 7.23-7.26 (m, IH), 7.40- 
7.42 (m, IH ), 7.46-7.50 (m, 2H). 7.89 (s, IH), 8.08 (d, J^.O Hz, 2H), 8.21 (d, J^9.0 
Hz, IH); LC-MS (retention tune: 1.90 mm, method B), MS m/z 270, 271 (M^+H). 

15 The following intermediates were prepared as described herein and can be 
incorporated into compoimds of Formula 1 



To a solution of N,N-Diethyl-4-methoxy-2-methyl-benzamide (332 mg, 1.5 mmol) in 
THF (15 mL) at -78°C, t-BuLi (1.7 M solution in pentane, 1.3 mL, 2.25 mmol) was 

20 added. The resulting red solution was stirred at -78'*C for 10 min, then 2- 
cyanopyridine (156 mg, 1.5 nmiol) was added. The reaction mixture was then 
wanned to rt and stirred for overnight. The reaction was quenched with saturated 
NH4CI solution and extracted with ethyl acetate twice. The combined organic layers 
were dried (MgS04) and concentrated. The crude product was purijaed by Prep. 

25 HPLC to give yellov/ish solid as TFA salt. (85 mg, 15% yield) 

^H NMR (400 MHz, CD3OD) 5 3,91 (m, 3 H), 7.09 (dd, .^.05, 2.45 Hz, 1 H), 7.17 
(d, J=2.45 Hz, 1 H), 7.37 (s, 1 H), 7.42 (m, 1 H), 7.92 (m, 1 H), 8.08 (d, .^8.07 Hz, 1 
H), 8.18 (d, J=9.05 Hz, 1 H), 8.65 (d, J^.89 Hz, 1 H). 
LC-MS (retention time: 2.14 min.), MS m/z 253 (MH*). 




o 
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Step 2 (Scheme 3, Step 1): 




CI 



6-Metiioxy-3-pyridin-2-yl-2H~isoqiiinolin-l-one TFA salt (85 mg, 0.232 mmol) was 
5 heated under reflux with POCI3 (3.0 niL) for 2 days. Then POCI3 was distilled off 
and the residue was quenched with ice. It was then neutralized with 10 N NaOH 
solution and the brown soHd was collected as pure product, (62 mg, 99% yield) 



The following intertaediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 



15 To a solution of N,N-Diethyl-4-methoxy-2-methyl-benzanaide (332 mg, 1.5 mmol) in 
THF (15 mL) at -78°C, t-BuLi (1,7 M solution in pentane, 1.3 mL, 2.25 mmol) was 
added. The resulting red solution was stirred at — 78°C for 10 min, then 4- 
cyanopyridine (164 mg, 1.575 mmol) was added. The reaction mixture was then 
warmed to rt and stirred for overnight. The reaction was quenched with saturated 

20 NH4CI solution and the yellow precipitate was collected as pure product (145 mg, 
38% yield) 

NMR(CD30D, 400 MHz) § 3.91 (s, 3 H), 7,18 (dd, /=8.8 Hz, 2.8 Hz, 1 H), 7.26 
(m, 2 H), 8.06 (d, ^6.0 Hz, 2H). 8.1 6 (d, J^.8 Hz, IH), 8.84 (d, ,^.0 Hz, 2H). 
LC-MS (retention time: 1.300 min,), MS m/z 253 (MH*). 



LC-MS (retention time: 2.063 min.), MS m/z 271 (MH^. 



10 




o 
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Step 2 (Scheme 3, step 1): 




CI 



6-Methoxy-3-pyridm-4-yl-2H-isoquinolm-l-one (134 mg, 0.531 mmol) was heated 
5 under reflux with POCI3 (6.0 mL) for 5 days. Then POCI3 was distilled off and the 
residue was quenched with ice. It was then neutralized with saturated NaHCOa 
solution and the brown solid was collected as pure product. (125 mg, 87% yield) 

NMR(DMSO-d^ 400 MHz) § 3.99 (s, 3 H), 7.53 (dd, J^9M Hz, 2.44 Hz, 1 H), 
7.59 (d, J5=2.69 Hz, 1 H), 8.26 (d. ^.05 Hz, 1 H), 8.30 (d, ^5.38 Hz, 2 H), 8.73 (s, 
10 1 H), 8.85 (d, js=6.36 Hz, 2 H). 

LC-MS (retention time: 2.027 min.), MS m/z 271 (MH*). 



To a solution of N,N-Diethyl-4-methoxy-2-methyl-benzamide (332 mg, 1.5 mmol) in 
THF (15 mL) at -78°C, t-BuLi (1.7 M solution in pentane, 1.3 mL, 2.25 mmol) was 
added. The resulting red solution was stirred at -78*^C for 10 min, then 4- 
20 dimethylamino benzonitrile (219 mg, 1.5 mmol) was added. The reaction mixture 
was then wanned to rt and stirred for overnight. The reaction was quenched with 
saturated NH4CI solution and the yellow precipitate was collected and triturated with 
ether to give an off-white solid as pure product. (247 mg, 56% yield) 



^H NMR(DMSO-d^ 400 MHz) 5 2.97 (s, 6 H), 3.87 (s, 3 H), 6.72 (s, 1 H), 6.78 (d, 
25 J^8.80 Hz, 2 H), 6.97 (dd, J^.80, 2.45 Hz, 1 H), 7.10 (d, ^2.45 Hz, 1 H), 7.65 (d, 
J^8.80 Hz, 2 H), 8.05 (d, ^8.80 Hz, 1 H), 1 1.1 1 (s, 1 H). 



15 




o 
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LC-MS (retention time: 2.023 min.), MS m/z 295 (Mit). 




CI 



5 

3-(4-Diniethylamino-phenyI)-6-methoxy-2H-iscKiuinolin--l-one (245 mg, 0.83 mmol) 
was heated under reflux with POCI3 (10.0 mL) for 2 days. Then POCI3 was distilled 
off and the residue was quenched with ice. It was then neutralized with ION NaOH 
solution and extracted with ethyl acetate twice. The organic layers were combined 
10 and dried (MgS04). Evaporation of solvent gave an orange solid as product (215 
mg, 83% yield) 

NMR (400 MHz, CD3OD) 5 3.01 (s, 6 H), 3.96 (s, 3 H), 6.88 (d, Hz, 2 H), 

7.20 (dd, ^.17, 2.57 Hz, 1 H), 7.28 (d, J=2A5 Uz, 1 H), 7.94 (s, 1 H), 7.96 (d, 
^.05 Hz, 2 H), 8.13 (d, J^.29 Hz, 1 H). 
15 LC-MS (retention time: 2.543 min.), MS m/z 3 13 (MH^. 




F 



20 A mixture of [4-(l-Chloro-6-methoxy-isoquinolin-3-yl)-phenyl]-dimethyl-aiim 
(110 mg, 0.35 mmol) and tetrabutyl phosphonium hydrogen difluoride (0.5 g) was 
heated at 140°C in Smith microwave reactor for 20 min. Then it was added water 
and extracted with ethyl acetate. The organic layer was separated, washed with water 
and dried (MgS04)- Evaporation of solvent gave a brownish solid as product (85 mg, 

25 82% yield) 
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LC-MS (retention time: 2.320 min.), MS m/z 297 (MH*). 



Method C 





^ HQ '^— , o Are(OH)2 ^ 
step 1: 

To a solution of N-BOC-3-(i?)-hydroxy-L-prolme (6.22 g, 26.9 mmol) in 
DMF (250 mL) at O^C was added NaH (60%, 3.23 g, 80.8 mmol) by several portions. 
The formed suspension was stirred at this temperature for 30 min. 1,3-dichloro- 

10 isoquinoline (5.33 g, 26.9 mmol) was added as solid in one portion and the final 
mixture was stirred at the ambient temperature for 12 h. Quenched with iced 5% 
citric acid (aq), extracted with EtOAC (300 mL). The aqueous phase was extracted 
with EtOAC again. The combined organic layers were washed with 5% citric acid 
(aq) and brine respectively, dried over MgS04, filtered. The filtrate was evaporated in 

15 vacuo to dryness to yield 10.53 g (99.8%) of 4-(6-methoxy-isoquinolin-l-yloxy)- 
pyrrolidine-l,2-dicarboxylic acid 1-tert-butyl ester as an off-white foam. This 
material was used in the next step reaction as crude without further purification. 
^HNMR (CD3OD) 5 1.43, 1.44 (rotamers, 9H), 2.39-2.44 (m. IH), 2.68-2.72 (m, 
IH), 3.80-3.90 (m, 2H), 4.44-4.52 (m, IH), 5.77 (b, IH), 7.39 (s, IH), 7.58 (t, ^7.3 
20 Hz, IH), 7.71-7.78 (m, 2H), 8.16 (d, Hz, IH); 

IX-MS (retention time: 1.80 min, method B), MS m/z 392 (M"*+H). 



Step 2: 

25 A mixture of of 4-(6-methoxy-isoquinolin-l-yloxy)-pyrrolidine-l ,2- 

dicarboxylic acid 1-tert-butyl ester (39 mg, 0.10 mmol), phenylboronic acid (14.6 
mg, 0.12 mmol), sodium tert-butoxide (38 mg, 0.40 mmol) and ((t-Bu)2POH)2PdCl2 
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(POPd) (5 mg, 0.0 1 mmol) in THF (2 xnL) was heated to reflux for 4 h. After cooling 
down, the formed mixture was quenched with 5% citric acid (aq) and extracted with 
EtOAc (20 mL). The organic layer was washed with brine, dried over MgS04, 
filtered, evaporated The residue was purified by prep-HPLC to yield 36 mg (83%) of 
5 the desired product as an off-white foam. 

*H NMR (CD3OD) 8 1.43, 1.45 (rotamers, 9H), 2.51-2.56 (m, IH), 2.74-2.82 (m, 
IH), 3.88-3.92 (m, IH), 3.98-4.01 (m, IH), 4.50-4.57 (m, IH), 5.95 (b, IH), 7.36- 
7.39 (m, IH), 7.45-7.48 (m, 2H), 7.55 (t, J5=7.3 Hz, IH), 7.70 (t, J=n.5 Hz, IH), 7.84- 
7.89 (m, 2H), 8.14-8.17 (m, 3H), 9.05 (b, IH); 
10 LC-MS (retention time: 1.97 min, melhod B), MS m/z 435 (IVf^^+H). 

The following intermediates were prepared as described herein and can be 
incorporated into compounds of Formxila 1 



*HNMR(CD30D) 5 1.40, 1.45 (rotamers, 9H), 2.50-2.55 (m, IH), 2.73-2.81 (m, 
IH), 3.81-3.89 (m, 4H), 3.98-4.01 (m, IH), 4.50-4.57 (m, IH), 5.93 (b, IH), 7.02 (d, 
J^.O Hz, 2H), 7.50 (t, J^.3 Hz, IH), 7.67 (t, J=n.5 Hz, IH), 7.73 (s, IH), 7.83 (d, 
20 J^.5 Hz, IH), 8.09 (d, ^.5 Hz, 2H), 8.15 (d, J^8.0 Hz, IH); 

LC-MS (retention time: 2.00 min, method B), MS m/z 465 (M^+H). 




15 



Prepared using 4-methoxyphenylboronic acid 



The following inteimediate was prepared as described above: 
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Prepared using 4-pyridylboronic acid 

NMR (CD3OD) 5 1.43, 1.46 (rotamers, 9H), 2.53-2.56 (m, IH), 2.80-2.89 (m, 
5 IH), 3.90-3.93 (m, IH), 4.00-4.05 (m, IH), 4.50-4.57 (m, IH), 6.00, 6.05(rotamers, 
IH), 7.80 (t, J^.3 Hz, IH), 7.87 (t, J=n.S Hz, IH), 8.08 (d, J^8.5 Hz, IH), 8.32 (d, 
J=8.0 Hz, IH), 8.49 (s, IH), 8.84 (d, J^.O Hz, 2H), 8.84 (d, J^6.5 Hz, 2H); 
LC-MS (retention time: 1.39 min, method B), MS mJz 436 (M"^+H). 
The following intermediates were prepared as described herein and can be 
10 incorporated into compounds of Formula 1 




Prepared using 4-N,N-dimethylamino-phenylboromc acid 
LOMS (retention time: 1.64 min, method B), MS /n/z 478 (M^+H). 



15 Method D 
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Stepl: 

To a solution of N,N'<iiethyl-4-metiioxy-2-metiiyl-benzaniide (633 mg, 2.9 
mmol) in THF (15 mL) at-78**C was added n-BuLi (2.3 mL of 2.5 M in hexane, 5.74 
5 mmol) dropwise. The formed red solution was kept at this temperature for additional 
30 rnin before being cannulated to a solution of thiazole-2-carboxylic acid ethyl ester 
(A. Medici et al. Tetrahedron Lett. 1983, p2901) (450 mg, 2.9 mmol) in THF (5 mL) 
at -78^C. The fuial dark green solution was kept to this temperature for 2 h with 
stirring. Quenched with sat. NH4CI (aq) and extracted with EtOAc (50 mL). The 
1 0 organic layer was washed with sat NH4CI (aq) and brine, dried, purified by flash 

column chromatography, eluting with 2:1 EtOAcrhexane to provide 405 mg (45%) of 
the desired product as an off-white viscous oil. 

NMR (CDCI3) 8 1 .08 (t, J^JQ Hz, 6H), 3.22 (b, 2H). 3.44 (b, 2H), 3.79 (s, 3H). 
4.59 (s, 2H), 6.79-6.81 (m, IH), 6.86 (d, js=2.5 Hz, IH), 7.16 (d,^8.5 Hz, IH), 7.66 
15 (d, ^3.0 Hz, IH), 8.00 (d, Js=3.0 Hz, IH); 

LC-MS (retention time: 1.30 min, method B), MS m/z 333 (IVf^+H). 

Step 2: 

A mixture of N,N-diethyl-4-methoxy-2-(2-oxo-2-thiazol-2-yl-ethyl)- 
20 benzamide (405 mg, 1.22 mmol) and NH4OAC (3.0 g, 38.9 mmol) was heated to 
140°C in a sealed tube for 1 h. The melted solution was poured into iced water, 
filtered, washed the cake thoroughly with water. The dried brownish solid (240 mg, 
76%) was used as crude for the next reaction without further purification. 
LC-MS (retmtion time: 1.24 mm, method B), MS m/z 259 (M"*"+H). 
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Step 3: 

This product, lK5Uoro-6-methoxy-3-ttoazol-2-yl-isoquinoline, was prepared 
as described above except using 6-inethoxy-3-fhiazol-2-yl-2H-isoquinolin-l-one 
instead. 

5 NMR (CDCI3) 6 3.97 (s, 3H), 7.16 (d, J=4.0 Hz, IH), 7.27-7.31 (m, IH), 7.46 (d, 
•^5.0 Hz, IH ), 7.93 (d, ^5.5 Hz, IH), 8.22 (d, J^15.5 Hz, IH), 8.39 (s, IH); 
LC-MS (retention time: 1 .66 min, method B), MS m/z Til (M^+H). 

Step 4: 

10 This product was prepared by the same method as described above except 

using l-chloro-6-methoxy-3-1faiazol-2-yl-isoquinoline instead. 
^H NMR (CD3OD) 5 0.97-1.09 (m, 12H), 1.24-1.29 (m, lOH), 1.44^1.46 (m, IH), 
1.87-1.90 (m, IH), 2.20-2.26 (m, IH), 2.30-2.36 (m. IH), 2.65-2.71 (m, IH), 2.93- 
2.96 (m, IH), 3.96 (s, 3H), 4.12-4.27 (m, 2H), 4.38-4.52 (m, 2H), 5.12 (d, js=10.5 Hz, 

15 IH), 5.29 (d, ^17.5 Hz, IH), 5.69-5.74 (m. IH), 5.99 (b, IH), 7.14 (d, J^.O Hz, 
IH), 7.33 (s, IH), 7.66 (d, J^3.5 Hz, IH), 7.93 (d, J=3.0 Hz, IH), 8.05 (s, IH), 8.1 1 
(d, J^.OHz, IH), 9.14 (b, IH); 

LC-MS (retention time: 1 .89 min, method B), MS m/z 191 (M^+H). 

20 The following intermediates were prepared as described herein and can be 
incorporated into compoimds of Formula 1 




6-methoxy-3-(3-methoxy-isoxazol-5-yl)-2H-isoquinolia-l-one was prepared using 
25 N,N-diethyl-4-methoxy-2-[2-(3-methoxy-isoxazol-5-yl)-2-oxo-ethyl]-benzamide. 
^H NMR (DMSO-d6) 5 3.89 (s, 3H), 3.97 (s, 3H), 7.01 (s, IH), 7.14-7.16 (m, 2H), 
7.43 (s, IH), 8.13 (d,^A=8.5 Hz, IH); 

LC-MS (retention time: 1 .3 1 min, method B), MS m/z 273 (MT+H). 
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l-cUoro-6-me1iioxy-3-(3-metiioxy-isoxazol-5-yl)-isoquinolme was prepared using 
6-methoxy-3-(3-mefhoxy4soxa2ol-5-yl)-2H-isoquinolin-l-one 

NMR (CDCI3) 8 3.97 (s. 3H)i 4.04 (s, 3H), 6,60 (s, IH), 7.17 (d, Hz, IH), 
5 7-31-7.33 (m, IH), 8.02 (s, IH), 8.23 (d, J^.O Hz, IH); 

LC-MS (retention time: 1.73 min, method B), MS m/z 291, 293 (M*^+H) 



The following intermediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 




10 O 

N,N-diethyl-4-methoxy-2-[2-(5-methoxy-oxazol-2-yl)-2-oxo-ethyl]-benzainide, was 
prepared using 5-methoxy-oxazole-2-carboxyIic acid ethyl ester 
LC-MS (retention time: 1 .24 min, method B), MS m/z 347 (M^+H). 




6-methoxy-3-(5-methoxy-oxazol-2-yl)-2H-isoquinolin-l-one, was prepared using 
N,N-diethyl-4-methoxy-2-[2-(5-methoxy-oxazol-2-yl)-2-oxo-ethyl]-benzainide, 
^H NMR (DMSO-d6) 5 3.94 (s, 3H), 4.01 (s, 3H), 6.34 (s, IH), 6.99 (d, ^2.0 Hz, 
20 IH), 7.12-7.14 (m, IH), 7.25 (s, IH), 8.32 (d, ^=9.0 Hz, IH); 

LC-MS (retention time: 1.22 min, method B), MS m/z 274 (M^+H). 
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l-cUoro-6-methoxy-3-(5-metiioxy-oxazol-2-yl)-isoquinoline, was prepared using 6- 
methoxy-3 -(5-rnethoxy-oxazole-2-yl)-2H-isoqiiiiioIin- 1 -one. 
5 NMR (CDCI3) 5 3.96 (s, 3H), 4.00 (s, 3H), 6.34 (s, IH), 7.12 (d, ^.5 Hz, IH), 
7.28-7.31 (m, IH), 8.13 (s, IH), 8.23 (d, ^.0 Hz, IH); 
LC-MS (retention time: 1.58 min, method B), MS m/z 291, 293 (M^+H). 

The following intermediates were prepared as described herein and can be 
10 incorporated into compounds of Formula 1 




o 



To a solution of N,N-Diethyl-4-methoxy-2-methyl-ben2amide (332 mg, 1 .5 mmol) in 
THF (15 mL) at -78°C, t-BuLi (1.7 M solution in pentane, 2.12 mL, 3,6 mmol) was 

15 added. The resulting red solution was stirred at — 78^C for 10 min, then methyl 

nicotinate (206 mg, 1.5 mmol) was added. The reaction mixture was stirred at — 78^C 
for 2h. Then the reaction was quenched with saturated NH4CI solution and extracted 
with ethyl acetate twice. The combined organic layers were dried (MgS04) and 
concentrated. The cmde product was purified by Prep. HPLC to give yellowish thick 

20 oil as TFA salt. (1 24 mg, 1 9% yield) 

LC-MS (retention time: 1.740 min,), MS m/z 349 (M+Na^. 
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N,N-Diethyl-4-methoxy-2<2-oxo-2-p3Tidin-3-yl.efhyl).bei^ (120 mg, 0.272 
mmol) was heated with ammonium acetate (1 g) for 3 hr. Then it was cooled down 
5 and added water. Extracted with ethyl acetate and the organic layer was separated. It 
was then dried (MgS04) and concentrated to give a brownish solid as product (65 
mg, 95% yield) 

^HNMR (400 MHz, DMSO-d^ 5 3.89 (s, 3 H), 6.93 (s, 1 H), 7.10 (dd,,A=8.80, 2.45 
Hz, 1 H), 7.19 (d, J^.45 Hz, 1 H), 7.52 (dd, J^.46, 4.77 Hz, 1 H), 8.15 (m, 2 H), 
10 8.64 (dd, J^.89, 1.47 Hz, 1 H), 8.96 (d, J^1.71 Hz, 1 H), 11.51 (s, 1 H). 
LC-MS (retention time: 1.377 min.), MS m/z 253 (MH^. 




6-Methoxy-3-pyridin-3-yI-2H-isoquinolin-l-one (65 mg, 0.258 mmol) was heated 
15 under reflux with POCI3 (2,5 mL) for 7 days. Then POCI3 was distilled off and the 
residue was quenched with ice. It was then neutralized with ION NaOH solution and 
extracted with ethyl acetate twice. The combined orgaiiic layers were dried (MgS04) 
and concentrated to give yellow soUd as product. (27 mg, 39% )deld) 
LC-MS (retention time: 2.090 min.), MS m/z 271 (MH*). 

ZO 

The following intermediates were prepared as described herein and can be 
incorporated into compounds of Formula 1 
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N— 



O 



To a solution of N,N-Dietliyl-4-methoxy-2-methyl-benzamide (332 mg, 1.5 mmol) ii 
THF (15 mL) at -78'*C, t-BuLi (1.7 M solution in pentane, 2.2 mL, 3.75 mmol) was 
5 added. The resulting red solution was stirred at ~78**C for 1 0 min, then N,N- 

dimethylanthranilic acid methyl ester (269 mg, 1.5 mmol) was added The reaction^ 
mixture was stirred at -78'^C for 2h. Then the reaction was quenched with saturated 
NH4CI solution and extracted with ethyl acetate twice. The combined organic layers 
were dried (MgS04) and concentrated The crude product was purified by Prep. 

10 HPLC to give yellowish thick oil as product. (256 mg, 46% yield) 

NMR (400 MHz, CD3OD) 5 0.99-1.13 (m, 6 H), 3.23-3.31 (m, 8 H), 3.39 (m, 2 
H), 3.82 (s, 3 H), 4.35 (s, 2 H), 6.91 (dd, ^8.44, 2.57 Hz, 1 H), 6.99 (d, J^2A5 Hz, 1 
H), 7.22 (d, J=8,56 Hz, 1 H), 7.69 (t, J^.70 Hz, 1 H), 7.84 (m, 1 H), 7.96 (d, J^8.3 1 
Hz, 1 H), 8.18 (d, J^7.83 Hz, 1 H). 

1 5 LC-MS (retention time: 1 .557min.), MS m/z 369(MH:*). 



2-[2<2-Dimethylamino-phenyI)-2-oxo-etiiyl]-N,N-dielhyl-4-methoxy-^ 
(250 mg, 0.678 mmol) was heated with ammonium acetate (1.5 g) for 2 hr. Then it 
was cooled down and added water. Extmcted with ethyl acetate and the organic layer 
20 was separated. It was then dried (MgS04) and concentrated to give a yellowish solid 
as product. (125 mg, 63% yield) 

'H NMR (400 MHz, CD3OD) 6 2.95 (s, 6 H), 3.92 (s, 3 H), 6.92 (s, 1 H), 7.12 (dd, 
^8.80, 2.45 Hz, 1 H), 7.16 (d, J^.45 Hz, 1 H), 7.35 (m, 1 H), 7.55 (m, 2 H), 7,63 
(d, ^=7.83 Hz, 1 H), 8.20 (d, J^.05 Hz, 1 H). 
25 LC-MS (retention time: 2.097 min.), MS m/z 295 (MH*). 




o 



wo 2004/094452 



93 



PCT/US2004/011824 




CI 



3-(2-Dimethylamino-phenyl)-^-methoxy-2H-isoqum (125 mg, 0.425 

5 nunol) was heated under reflux with POCI3 (4.0 mL) for one day. Then POCI3 was 
distilled off and the residue was quenched with ice. It was then neutralized with 10 N 
NaOH soliition and extracted with ethyl acetate twice. The organic layers were 
combined and dried (MgS04). Evaporation of solvent gave a brownish solid as 
product (82 mg, 62% yield) 
10 LC-MS (retention time: 2.040 min.), MS m/z 313 (MH^. 




F 



A mixture of [2-(l-Chloro-6-methoxy-isoquinolin-3-yl)-phenyl]-dimethyl-amine (82 
15 mg, 0.262 mmol) and tetrabutyl phosphonium hydrogen difluoride (1 .0 g) was heated 

at 140^C in Smith microwave reactor for 20 min. Then it was added water and 

extracted with ethyl acetate. The organic layer was separated, washed with water and 

dried (MgS04). Evaporation of solvent gave the crude product which was purified by 

Prep. HPLC to afford a yellowish oil as product. (85 mg) 
20 NMR (400 MHz, CD3OD) 8 3.41 (s, 6 H), 4.00 (s. 3 H), 7.42 (dd, 7=9.05, 2.45 

Hz, 1 H), 7.53 (s, 1 H), 7.71 (m, 2 H), 7.99 (m, 1 H), 8.16 (m, 2 H), 8.31 (s, 1 H). 

LC-MS (retention time: 1.873 min.), MS mJz 297 (MH^). 

The following intermediates were prepared as described herein and can be 
25 incorporated into compounds of Formula 1 
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O 



To a solution of N,N-Diethyl-4-methoxy-2-metiiyl-beii2amide (332 mg, 1.5 mmol) in 
THF (15 mL) at -78°C, t-BuLi (1.7 M solution in pentane, 2.2 mL, 3.75 mmol) was 
5 added. The resulting red solution was stirred at -78'*C for 1 0 min ^ then (3- 

dimethylaniino)benzoic acid methyl ester (269 mg, 1.5 mmol) was added. The 
reaction mixture was stirred at -78''C for 2h. Then the reaction was quenched with 
saturated NH4CI solution and extracted with ethyl acetate twice. The combined 
organic layers were dried (MgS04) and concentrated. The crude product was 
10 purified by Prep. HPLC to give yellowish thick oil as TFA salt (245 mg, 33% yield) 
IH NMR (400 MHz, CD3OD) S 1 .01 (t, J^.85 Hz, 3 H), 1 .09 (m, 3 H), 3. 1 1 (s, 6H), 
3.21 (m, 1 H), 3.40 (m, 2 H), 3.79 (s, 3 H), 4.39 (s, 2 H), 6.84-6.91 (m, 2 H), 7.19 (d, 
J^8.32 Hz, 1 H), 7.35 (m, 1 H), 7.49 (t, ^8.07 Hz, 1 H), 7.66-7.71 (m, 2 H). 
LC-MS (retention time: 1.930 min.), MS m/z 369(MH^. 

15 




o 



2-[2-(3-Dimethylamino-phenyl)-2-oxo-ethyl]-N,N-diethyl-4-methoxy-benzaniid^ 
(240 mg, 0.497 mmol) was heated with ammonium acetate (2.0 g) for 2.5 hr. Then it 
20 was cooled down and added water. A brownish solid was collected as pure product. 
(95 mg, 65% yield) 

IH NMR (400 MHz, CD3OD) 8 2.98 (s, 6 H), 3.88 (s, 3 H), 6.74-6.87 (m, 2 H), 7.01- 
7.07 (m, 3 H), 7.18 (d, .^.44 Hz, 1 H), 7.28 (t, J^.82 Hz, 1 H), 8.10 (d, J^.80 Hz, 
1 H). 

25 LC-MS (retention time: 1.773 min.), MS m/z 295 (MH^. 
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3<3-Dimethylamino-phenyl)-6-methoxy-2H-isoquinoM^ (92 mg, 0.312 mmol) 
was heated under refliix with POCI3 (3,0 mL) for 2 days. Then POCI3 was distilled 
5 off and the residue was quenched with ice. It was then neutralized witii saturated 
NaHCOa solution and extracted with ethyl acetate twice. The organic layers were 
combined and dried (MgS04). Evaporation of solvent gave a brownish thick oil as 
product (72 mg, 74% yield) 

LC-MS (retention time: 2.297 min.), MS m/z 313 (MH^. 




A rmxture of [3-(l-Cliloro-6-methoxy-isoquinoliti-3-yl)-phenyl]-dimethylamine (72 
mg, 0.23 mmol) and tetrabutyl phosphonium hydrogen difluoride (0.5 g) was heated 
at 140*^C in Smith microwave reactor for 20 min. Then it was added water and 
15 extracted with ethyl acetate. The organic layer was separated, washed with water and 
dried (MgS04). Evaporation of solvent gave a brownish oil as product. (58 mg, 85% 
yield) 

LC-MS (retention time: 2. 1 93 min.), MS m/z 297 (Mft). 

20 The following intermediates were prepared as described hereia and can be 
incorporated iato compounds of Formula 1 
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o 



KO^-Bu, EtI 
DMF 




Condensation of ethyl bromopyruvate with ethyl thiourea in refluxing dioxane 
afforded the monoaJkylamino fhiazole as HBr salt in quantitative yield Alkylation of 
5 2-ethylamino-thia2ole-4-carboxylic acid ethyl ester with EtI in DMF provided 2- 
diefliylaniino-thiazole-4-carboxylic acid ethyl ester. LC/MS m/z 229 (MH)"*^ 



Method E 

10 




Step 1: 

1 5 A suspension of 2-cyanomethyl-4-methoxy-benzoic acid methyl ester ( 1 .9g and 

TsOH. H2O ( 0.15 mmol) in moipholine 5 mL) was refluxed for 4 h and removed 
the solvent in vavuo. The residue was recrystalyzed from EtOAc/hexanes with drops 
of MeOH to provide the product (0.43 g, 17%): LC-MS retention time: 1.07 method 
H), MSm/z266(Mr*'+l). 

20 Step 2: 
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A mixture of 6-methoxy-3-moiphoIin-4-yl-isoquinolm-l-ol (0.298 g, 1.15 nunol) in 
POCia (20 mL) was refluxed for 2 h, removed the solvent in vacuo and cold water 
was added. The pH was adjustde to >1 1 by addition of 1 .0 N NaOH. The aqueous 
layer was extracted with EtOAc. The extract was dried (MgS04), removed the 
5 solvent in vacuo to provide the produt (0.299g, 94%); LC-MS retention time: 1.68 
method H), MS m/z 279 (M^+1). 

Step 3: 

A mixture of l"Chloro-6-methoxy-3-morphoIin-4-yMsoquinoline (O.OSOg, 0.18 
10 mmol) and tetrabutyl phosphorium hydrgen difloride (0.8 g, 2.8 mmol) [Synlett 
1992, (4), 345-6] was heated at 140 ''C in microwave for 10 min. the reaction 
mixture was diluted with EtOAc and filtered through an ISCO 25g precolumn with a 
layer of silicon gel on the top, removed the solvent to provide the product (0.037 mg, 
77%): NMR (CHLOROFORM-D) 5 ppm 3.48 (m, 4 H), 3.84 (m, 4 H), 3.89 (s, 3 
15 H), 6.46 (d, J^l.22 Hz, 1 H), 6.85 (s, 1 H), 6.90 (dd, J^.16, 2.44 Hz, 1 H), 7.82 (d, 
J^8,85 Hz, 1 H). LC-MS retention time: 1.56 method H), MS m/z 263 (M^+ 1). 



Method F 

6-fluoro and 6-alkyl isoquinolines used in the preparation of compounds of Formula 
1 were prepared via a Pomeranz-Fritsch synthesis ( Typical procedure: Preparation of 
optically active 8,8-disubstituted 1,1-biisoquinoline, K. Hirao, R. Tsuchiya, Y. Yano, 
H. Tsue, Heterocycles 42(1) 1996, 415-422) as outlined below. The products were 
converted into the 1-chloro derivatives via N-oxide intermediates. 

General Synthetic Scheme 




CI 
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Reagents and reaction conditions: (a) reflnx in benzene, azeotropic removal of water; 
(b) first step: ethyl chloroformate, trimetihiyl phosphite in THF, second step; titanium 
tetrachloride in chloroform; (c) MCPBA in CH2CI2; (d) POCI3 in benzene 

5 



R 


IsoquinoUne, Yield 


l-Chloride, combined yield 


F 


20 


43 


Et 


76 


65 


i-Pr 


14 


18 


t-Bu 


47 


55 



Preparation of 6-isopropoxyl and 6-/ferf-butoxyl isoquinoline intennediates: 

10 Some 6-aIkoxy-l -chloro isoquinolines were prepared by a direct, ipso displacement 
of the 6-fIuoro-l-chloroisoqiiinoline with the corresponding alkoxide metal ions such 
as potassium terr-butoxide (53%) and sodium isopropoxide (54%). 



General Synthetic Scheme 




R = alkoxide anions such as tert-Bu, iso-Pr 

20 The 6-fluoro-l-chloroisoquinoliae was subjected to an aromatic nucleophilic 

displacement with sodium isopropoxide and potassium rer^butoxide in DMF to give 
the corresponding 

6- isopropoxyl (54%): NMR (400 MHz, CHLOROFORM-d) 5 ppm 1.43 (d, 
J=6A 1 Hz, 6 H) 4.76 (m, ^.11 Hz, 1 H) 7.08 (d, J=2.45 Hz, 1 H) 7.29 (dd, ^9.29, 
25 2.45 Hz, 1 H) 7.50 (d, J^5.62 Hz, 1 H) 8.18 (d, J^5.87 Hz, 1 H) 8.24 (d, ^9.29 Hz, 1 
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H) and 6-ter/-butoxyl-l-chloro isoquinolines (55%): NMR (400 MHz, 
CHLOROFORM-d) 8 ppm 1.48 (s, 9 H) 7.31 (m, 2 H) 7.47 (d, J=5.62 Hz, 1 H) 8.18 
(d, J=5.62 Hz, 1 H) 8.21 (d, J=9.78 Hz, 1 H) as the major product respectively. These 
6-alkoxyl-l-chloro isoquinolines were incorporated into compounds of Formula 1 as 
5 described herein. 

Method O 

General Synthetic Scheme 

10 




Incoiporation Into compounds of Fomuila 1 Incorporation Into compounds of Fomiula 1 



This synthesis made use of the technologies described, in part, in the following 
references: 

15 (1) Hojo, Masaru; Masuda, Ryoichi; Sakaguchi, Syuhei; Takagawa, Makoto, 
Synthesis (1986), (12), 1016-17 

(2) Rigby, James H,; Holsworth, Daniel D.; James, Kelly. Vinyl Isocyanates In 
Synthesis. [4 + 2] Cycloaddition Reactions With Benzyne Addends. Journal Of 
Organic Chemistry (1989), 54(17), 4019-20 
20 (3) Uchibori, Y.; Umeno, M.; Yoshiokai, H.; Heterocycles, 1992, 34 (8), 1507-1510 
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Step Id: Preparation ofracemicfi;? 7.S> / p , C2ffV1->.niinn-7-vinvlcvclop mpati^ 
carboxyHc acid ethyl ester hvdtochlnriH« nwr g thod A and Method B^and cMr^^ 
resolution of this racemate for the p r«^a ^on ofN- n R. -aminn-?- 
vinylcyclopropane carhoxvlic acid ftth y i ester hydroc hloride fM^thnd 

CIH3N COaEt 

The named compound was made (Step d) racemic by each of the following 
methods A and B. This racemate could also be resolved to afford chiral Boc-(li2, 
25)-l-amino-2-vinylcycIopropyl carboxyUc acid ester which was deprotected under 
acid conditions to afford (IR, 25).l-amino-2-vinylcyclopropane caiboxylic acid ester 
hydrochloride (Method C). 



Method A 

15 A. 1 Preparation of M-B enzvl Tminft of Glycine Hthvl Ester 



Et,N ^^^^ 



Glycine ethyl ester hydrochloride (303.8 g, 2.16 mole) was suspended in tert- 
20 butyhnethyl ether (1.6 L). Benzaldehyde (231 g, 2.16 mole) and anhydrous sodium 
sulfete (154.6 g, 1.09 mole) were added and the mixture cooled to 0 "C using an ice- 
water bath. Triethylamine (455 mL, 3.26 mole) was added dropwise oyer 30 min and 
the mixture stirred for 48 h at rt. The reaction was then quenched by addition of ice- 
cold water (1 L) and the organic layer was separated. The aqueous phase was 
25 extracted with /ert-butyhnethyl ether (0.5 L) and the combined organic phases 
washed with a mixture of saturated aqueous NaHCOs (1 L) and brine (1 L). The 
solution was dried over MgS04, concentrated in vacuo to afford 392.4 g of the N- 
benzyl imine product as a thick yellow oil that was used directly in the next step, 'h 
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NMR (CDCI3, 300 MHz) 5 1.32 (t, J^A Hz, 3H), 4,24 (q, J^.l Hz, 2H), 4.41 (d, 
J=\A Hz, 2H), 7.39.7.47 (m, 3H), 7.78-7.81 (m, 2H), 8.31 (s, IH). 

A.2 Preparation of racemic N-Boc-(\RJlS)KlSJ.RVU^^rr^\nc^Jl^^nn^^ 
5 carboxvlic acid ethyl ester 



"^"^OjEt 3^^"^^^!****^^^ B0C(H)N^02Et 



1) IiiOtBu 
toluene/RT 

2) H3O* 

3) NaOH 

4) (B0C)20 

To a suspension of lithium /ert-butoxide (84,06 g, 1.05 mol) in dry toluene 
10 (1.2 L), was added dropwise a mixture of the JST-benzyl imine of glycine ethyl ester 
(100.4 g, 0.526 mol) and />ww-l,4-dibromo-2-butene (107.0 g, 0.500 mol) in dry 
toluene (0.6 L) over 60 min. After completion of the addition, the deep red mixture 
was quenched by addition of water (I L) and /erT-butyhnethyi ether (TBME, 1 L). 
The aqueous phase was separated and extracted a second time with TBME (1 L). 
1 5 The organic phases were combined, 1 N HCl (1 L) was added and the mixture stirred 
at room temperature for 2 h. The organic phase was separated and extracted with 
water (0.8 L). The aqueous phases were then combined, saturated with salt (700 g), 
TBME (1 L) was added and the mixture cooled to 0 **C. The stirred mixture was then 
basified to pH 14 by the dropwise addition of 10 N NaOH, the organic layer 
20 separated, and the aqueous phase extracted with TBME (2 x 500 mL), The combined 
organic extracts were dried (MgS04) and concentrated to a volume of IL. To this 
solution of free amine, was added BOC2O or di-re/t-butyldicarbonate (13L0 g, 0.6 
mol) and the mixture stirred 4 days at rt. Additional di-rer^butyldicarbonate (50 g, 
0.23 mol) was added to the reaction, the mixture refluxed for 3 h, and was then 
25 allowed cool to room temperature overnight. The reaction mixture was dried over 
MgS04 and concentrated in vacuo to afford 80 g of crude material. This residue was 
purified by flash chromatography (2.5 Kg of Si02, eluted with 1% to 2% 
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MeOH/CHaCb) to afford 57 g (53%) of raceiniciV^Boc<liZ,25)/(liS',2/2)-l-ainino-2. 
vinylcyclopropane carboxylic acid ethyl ester as a yellow oil which solidified while 
sitting in the refrigerator NMR (CDCI3, 300 MHz) 5 1 .26 (t, ^.1 Hz, 3H). 1 .46 
(s. 9H), 1.43-1.49 (m, IH), 1.76-1.82 (br m, IH), 2.14 (q,^8.6 Hz, IH), 4.18 (q, 
5 J=7.2 Hz, 2H), 5.12 (dd J^IO.3, 1 .7 Hz, IH), 5.25 (br s, IH), 5.29 (dd, J^l 7.6, 1 .7 
Hz, IH), 5.77 (ddd, JS=17.6, 10.3, 8.9 Hz, IH); MS m/z 254.16 (M-1) 

A.3 Preparation of Racemic (IRJ2S)/(ISJ2K\ l. .flTTtinQ,2-vinvlcvcloproDane 
carboxvlic acid ethvl ester hydrochloride 




i\r-Boc-(li2,2iS)/(15,2i?)-l-aimno-2-vinylcyclopropane carboxylic acid ethyl 
ester (9.39 g, 36.8 mmol) was dissolved in 4 N HCl/dioxane (90 ml, 360 mmol) and 

1 5 was stirred for 2 h at rt. The reaction mixture was concentrated to supply 
(li2,2iS)/(15',2i?)-l-amino-2-vinylcyclopropane carboxylic acid ethyl ester 
hydrochloride in quanitative yield (7 g, 100%). ^H NMR (methanol-d*) 6 1.32 (t, 
^,1, 3H), 1.72 (dd, -^10.2, 6.6 Hz, IH), 1.81 (dd, ^.3, 6.6 Hz, IH), 2.38 (q, 
^.3 Hz, IH), 4.26-4.34 (m, 2H), 5.24 (dd, 10.3, 1.3 Hz, IH) 5.40 (d, J^17.2, IH), 

20 5.69-5.81 (m, IH). 

B.l Preparation of Racemic >J-Tinn,1 -flmiTin-2-vmvlcvclopropane carboxvlic acid 
ethvl ester hvdrochloride 

25 Methods 
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To a solution of potassium /er/-butoxide (1 1.55 g, 102.9 mmol) in THF (450 
mL) at -78 was added the commercially available AyV-dibenzyl imine of glycine 
ethyl ester (25.0 g, 93.53 mmol) in THF (1 12 mL). The reaction mixture was 
5 warmed to 0 °C, stirred for 40 min, and was then cooled back to -78 **C. To this 
solution was added /ra7ur-l,4-dibromo-2-butene (20.0 g, 93.50 mmol), the mixture 
stirred for 1 h at Q^'C and was cooled back to -78°C. Potassium tert-butoxide (1 1.55 
g, 102.9 mmol) was added, the mixture immediately warmed to 0°C, and was stirred 
one more hour before concentrating in vacuo. The crude product was taken up in 

10 Et20 (530 mL), IN aq. HCl solution (106 mL, 106 mmol) added and the resulting 
biphasic mixture stirred for 3.5 h at rt The layers were separated and the aqueous 
layer was washed with EtzO (2x) and basiiBed with a saturated aq. NaHCOa solution. 
The desired amine was extracted with Et20 (3x) and the conibined organic extract 
was washed with brine, dried (MgS04), and concentrated in vacuo to obtain the free 

15 amine. This material was treated with a 4N HCl solution in dioxane (100 mL, 400 
rmnol) and concentrated to afford (li2,25)/(liS,2R)-l-amino-2-vinylcyclopropane 
carboxylic acid ethyl ester hydrochloride as a brown semisolid (5.3 g, 34% yield) 
identical to the material obtained from procedure A, except for the presence of a 
small unidentified aromatic impurity (8%). 



20 
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Method C 

C. 1 Resolution of iV^-Boc-f 1 jg>23^/f l&2/gVl-aimno-2"VinvlcvcIoDroDane carboxvlic 
acid ethvl ester 




raceaziate: 1:1 mixtiire of 
5 {IR, 2S) and {IS, 2R) 

Resolution A 

To an aqueous solution of sodium phosphate buffer (0.1 M, 4.25 liter C*L"), 
10 pH 8) housed in a 12 Liter jacked reactor, maintained at 39^C, and stirred at 300 rpm 
was added 511 grams of Alcalase 2.4L (about 425 mL) (Novozymes North America 
Inc.)- When the temperature of the mixture reached 39*^C, the pH was adjusted to 8.0 
by the addition of a 50% NaOH in water. A solution of the racemic iST-Boc- 
(liJ,25)/(15'^)-l-amino-2-vinylcyclopropane carboxylic acid ethyl ester (85g) in 
1 5 850 mL of DMSO was then added over a period of 40 min. The reaction temperature 
was then maintained at 40°C for 24.5h during vMch time the pH of the mixture was 
adjusted to 8.0 at the 1.5h and 19.5h time points using 50% NaOH in water. After 
24.5h, the enantio-excess of tiie ester was detemiined to be 97.2%, and the reaction 
was cooled to room temperature (26^C) and stirred overnight (16h) after which the 
20 enantio-excess of the ester was determined to be 100%. The pH of the reaction 
mixture was then adjusted to 8.5 with 50% NaOH and the resulting mixture was 
extracted with MTBE (2x2 L). The combined MTBE extract was then washed with 
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5% NaHCOa (3 x 100 mL), water (3 x 100 mL), and evaporated in vacuo to give the 
enantiomerically piire iV'-Boc>(li2,25)/-l-arDino-2-vinylcyclopropane carboxylic acid 
ethyl ester as light yellow solid (42.55 g; purity: 97% @ 210 nm, containing no acid; 
100% enantiomeric excess ("ee"). 
5 The aqueous layer from tihe extraction process was then acidified to pH 2 with 50% 
H2SO4 and extracted with MTBE (2x2 L), The MTBE extract was washed with 
water (3 x 100 mL) and evaporated to give the acid as lig^t yellow solid (42.74 g; 
purity: 99% @ 210 nm, containing no ester). 




1R. 2S-ester 1S,2R-acid 

10 





ester 


acid 


High 


(+) ESI, C13H22N04, [M+H]^ cal. 


(-) ESI, C11H16N04, [M-H]", 


Resolutio 


256.1549. found 256.1542 




cal. 226.1079, found 226.1089 


nMass 










Spec 










NMR observed chemical shift 

Solvent CDCI3 (proton 6 7.24 ppm, C-13 5 77.0 ppm) 

Broker DRX-500C: proton 500.032 MHz, carbon 125.746 MHz 


Position 


Proton (pattern) 


C-13 


Proton (pattern) 


C-13 




ppm 


ppm 


ppm 


ppm 


1 




40.9 




40.7 


2 


2.10 (q, J = 9.0 Hz) 


34.1 


2.17 (q, J = 9.0 Hz) 


35.0 


3a 


1.76 (br) 


23.2 


1.79 (br) 


23.4 


3b 


1.46 (br) 




1.51, (br) 




4 




170.8 




175.8 


5 


5.74 (ddd, J = 9.0, 10.0, 
17.0 Hz) 


133.7 


5.75 (m) 


133.4 


6a 


5.25 (d. J =17.0 Hz) 


117.6 


5.28 (d, J = 17.0 Hz) 


118.1 


6b 


5.08 (dd, J = 10.0. 1.5 

Hz) 




5.12 (d, J = 10.5 Hz) 




7 




155.8 




156.2 


8 




80.0 




80.6 
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9 


1.43 (s) 


28.3 


1.43 (s) 


28.3 


10 


4.16 (m) 


61.3 






11 


1.23 (t, J = 7.5 Hz) 


14.2 







Resolution B 



To 0.5 mL 100 mM Heps^Na buffer (pH 8.5) in a well of a 24 well plate 
5 (capacity: 10 ml/well), 0. 1 mL of Savinase 1 6.0L (protease from Bacillus clausii) 
(Novo2ymes North America Inc) and a solution of the racemic A^-Boc- 
(li?,2iS)/(l*S'^/?)-l-atnino-2-vinylcyclopropane carboxylic acid ethyl ester (10 mg) in 
0.1 mL of DMSO were added. The plate was sealed and incubated at 250 rpm at 
40°C. After 18h, enantio-excess of the ester was determined to be 44.3% as 

10 following: 0.1 mL of ttie reaction mixture was removed and mixed well with 1 mL 
ethanol; after centriftigation, 10 microliter ("|Lil") of the supernatant was analyzed 
with the chiral HPLC. To the remaining reaction mixture, 0. 1 mL of DMSO was 
added, and the plate was incubated for additional 3 days at 250 rpm at 40°C, after 
which four mL of ethanol was added to the well. After centriftigation, 10 |il of the 

1 5 supernatant was analyzed with the chiral HPLC and enantio-excess of the ester was 
determined to be 100%^ 

Resolution C 

20 To 0.5 ml 1 00 mM Heps*Na buffer (pH 8.5) in a well of a 24 well plate 

(capacity: 10 mL/well), 0.1 ml of Esperase 8.0L, (protease from Bacillus 
halodwans) (Novozymes North America Inc.) and a solution of the racemic iV-Boc- 
(li?,2iS)/(liS',2/2)-l-amino-2-vinylcyclopropane carboxylic acid ethyl ester (10 mg) in 
0.1 mL of DMSO were added. The plate was sealed and incubated at 250 tpm at 

25 40**C. After 18 hour, enantio-excess of the ester was determined to be 39.6% as 
following: 0. 1 mL of the reaction mixture was removed and mixed well with 1 mL 
ethanol; after cecudfugation, 10 fil of the supernatant was analyzed with the chiral 
HPLC. To the remaining reaction mixture, 0.1 mL of DMSO was added, and the 
plate was incubated for additional 3 days at 250 rpm at 40''C, after which four mL of 
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ethanol was added to the w&H After centrifugation, 10 pi of the supernatant was 
analyzed with the chiral HPLC and enantio-excess of the ester was determined to be 
100%. 

5 Samples analysis was carried out in the following mannen 

1) Sample preparation: About 0.5 ml of the reaction mixture was mixed well wifli 10 
volume of EtOH. After centrifdigation, 10 pi of the supernatant was injected onto 
HPLC column. 

10 

2) Conversion detemoination: 

Column: YMC ODS A, 4.6 x 50 mm, S-5 Jim 
Solvent A, 1 mM HCl in water; B, MeCN 

Gradient: 30% B for 1 min; 30% to 45% B over 0.5 min; 45% B for 1.5 min; 45% to 
1 5 30% B over 0.5 min. 
Flow rate: 2 ml/min 
UV Detection: 210 nm 
Retention time: acid, 1 .2 min; ester, 2.8 min. 

20 3) Enantio-excess determination for the ester: 

Column: CHDRACEL OD-RH, 4.6 x 150 mm, S-5 pm 

Mobile phase: MeCN/50 mM HCIO4 in water (67/33) 

Flow rate: 0.75 ml/min. 

UV Detection: 210 mn, 
25 Retention time: 

(15',2jR)-l-amino-2-vinylcyclopropane carboxylic acid 5.2 min; 

Racemate (li?,2S)/(liS,2i?)-l-amino-2-vinylcyclopropane carboxylic acid ethyl ester 

1 8.5 min and 20.0 min; 

(li?,25)-^l-amino-2-vinylcyclopropane carboxylic acid ethyl ester 18.5 min. 

30 



Resolution D 
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5 L of 0.3 M sodium phosphate buffer (pH 8) was maintained at 38**C in a 20 Liter 
jacked reactor, stirred at 1 30 rpm. Four liters of Alcalase 2.4L (Novozymes North 
America Inc.) and 1 liter of DI water were added to the reactor. When temperature 
of the mixture closed to 38**C, pH was adjusted to 7.8 with 10 N NaOH. A solution 
5 of the racenuc iV'-Boc-(li?,25)/(lS,2ii)-l-amino-2-vinylcyclopropane carboxylic acid 
ethyl ester (500 grams) in 5 liters DMSO was added to the reactor over a period of 1 
hour via an addition funel. The reaction temp^ture was then adjusted to 48®C. 
After 21 hours, enantio-excess of the ester reached 99.3%. Heating was stopped at 
24 hour and the reaction was slowly cooled down to room temperature (about 25°C) 

10 and stirred overnight pH of the reaction mixture was adjusted to 8.5 with ION 
NaOH and the mixture was extracted with MTBE (2x4 L). The combined MTBE 
extract was washed with 5% NaHCQs (3 x 400 ml) and water (3 x 400 ml), and 
evaporated to give enantiomerically pure iNr-Boc-(li?,2S)/-l-amino-2- 
vinylcyclopropane carboxylic acid ethyl ester as light yellow crystal (259 g; purity: 

15 96.9% @ 210 nm, containing no acid; 100%ee). 



Resolution E 

10 L of 0.1 M sodium phosphate buffer (pH 8) was maintained at 40°C in a 20 Liter 
20 jacked reactor, stirred at 360 rpm. 1.5 liters of Alcalase 2.4L (Novozymes North 
America Inc.) was added to the reactor. When temperature of the mixture closed to 
38**C, pH was adjusted to 8.0 with 10 N NaOH. A solution of the racemic ^-Boc- 
(lJ?,2iS)/(liS,2i?)-l-amino-2-vinylcyclopropane carboxyUc acid ethyl ester (200 
grams) in 2 liters DMSO was added to the reactor over a period of 1 hour via an 
25 addition fimel. The reaction temperature was then adjusted to 40°C. After 3 hours, 
pH was adjusted to 8.0 with ION NaOH. After 21 hours, the reaction was cooled 
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down to 25°C. pH of the reaction mixture was adjusted to 8.5 witii ION NaOH and 

the mixture was extracted with MTBE (2x5 L). The combined MTBE extract was 

washed with 5% NaHCOs (3 x 500 ml) and water (3 x 200 ml), and evaporated to 

give 110 gram of yellow oil. The oil was set at room temperature under honse 

5 vacuum and gave enantiomerically pure JV-Boc-(1jR,25)/-1 -amino-2- 

vinylcyclopropane carboxylic acid ethyl ester as colorless long rod crystal (101 g; 

pmrity: 97.9% @ 210 nm, containing no acid; 100%ee). 

The crystal stracture enantiomerically pure iV-Boc-(li?,25)Al-amino-2- 
vinylcyclopropane carboxylic acid ethyl ester has been characterized by single crystal 
analysis (X-ray NB#: 52795-093, refcode: 634592N1). The absolute configuration is 
not established for lack of a known chiral center or heavier atom(s). A chain structure 
along the crystallographic a-axis is formed via intermolecidar hydrogen bonding 
between the amide group and the carbonyl oxygen atom (N. ..O 3.159 A). 

Structure of iV-Boc-(ljR,25)-l-amino-2-viiiyIcycIopropane carboxylic acid ethyl 



esten 




Crystal Data: 

Chenucal fonnula: C13H21N1O4 
Crystal system: Orthorhombic 
Space Group: P2i2i2i 
fl= 5.2902(1) A Gf = 90° 

13.8946(2) A ^=90** 
c= 19.9768(3) A r =90** 

r= 1468.40(4) A^ 

Z = 4 <t= 1.155 gcm-^ 

No. of reflections for lattice parameters: 6817 
0.0776) 



Experimental: 

CrvstallizaHon 

Ciystal source: MTBE 

Crystal description: Colorless rod 

Crystal size (mm): 0.12 X 0.26 X 0.30 

Data Collection 

Temperature (K): 293 

BraBx^'- 65.2 (CuKa) 

No. of reflections measured: 7518 

No. of independent reflections: 2390 (iJ^ = 
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0 range for lattice parameters 0: 1,1^5.2 No. of observed reflections (/^ 2a): 2284 

Absorption coefficient (mm"^): 0.700 Absorption correction (r„/„-r„ax): 0.688-1 .000 
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Resolution F 

5 L of 0.2 M sodium borate buffer (pH 9) was maintained at 45°C in a 20 liter jacked 
reactor, stirred at 400 ipm. Three Uter of DI water and four Hters of Savinase 1 6L» 
5 type EX (NovozymesNorfli America Inc.) were added to the reactor. When 

temperature of the mixture closed to 45°C, pH was adjusted to 8.5 witii 1 0 N NaOH. 
A sohition of the racemic iV^Boc-(lie;LS)/(15,2/2)-l-amino-2-vinylcyclopropane 
caiboxylic acid ethyl ester (200 grams) in 2 liters DMSO was added to the reactor 
over a period of 40 min, v/a an additicm funel. The reaction temperature was then 
10 adjusted to 48°C. After 2 hours, pH was adjusted to pH 9.0 with 10 N NaOH. At 1 8 
hour, enantio-excess of the ester reached 72%, pH was adjusted to 9.0 with 10 N 
NaOH. At 24 hour, tempraature was lowered to 35°C. At 42 hour, temperature was 
raised to 48°C and pH was adjusted to 9.0 with 10 N NaOH. Heating was stopped at 
48 hour and the reaction was slowly cooled down to room temi>erature (about 25'*C) 
1 5 and stirred ovemi^t At 66 hour, pH of the reaction mixture was 8.6. The mixture 
was extracted with MTBE (2x4 L). The combined MTBE extract was washed with 
5% NaHCOa (6 x 300 ml) and water (3 x 300 ml), and evaporated to give give 
enantiomerically pure Ar-Boc-(li?,25)/-l-amino-2-vinylcyclopropane carboxylic acid 
ethyl ester as light yeUow crystal (lOlA g; purity: 95.9% @ 210 nm, containing no 
20 acid; 98.6%ee). 



25 
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C,2 Preparation of chiial f ijR -2.y)-UflTnin o-2-vinvlcvclopropaiie carboxvlic acid ethvl 
ester hydrochloride 



g, 33.3 mmol) was stirred under an Na atmosphere with 200 mL of 4N HCl/dioxane 
(Aldrich) at rt for 3h. The solvent was removed under reduced pressure keeping the 
temperature below 40 C. This gave 6.57 g (-100%) of (7i^,2S)-l-amino-2- 
vinylcyclop^opanecarboxylic acid ethyl ester hydrochloride as a light tan solid. 
10 NMR (300 MHz, CD3OD) 8 1.31 (t, J:=7.0 Hz, 3 H), L69-1.82 (m, 2 H), 2.38 (q, 

•^8.8 Hz, 1 H), 4.29 (q, J=ri.O Hz, 2 H), 5.22 (d, J^IO.3 Hz, 1 H), 5.40 (d, ^17.2 Hz, 
1 H), 5.69-5.81 (m, 1 H). LC-MS (Method A, retention time: 0.58 min), MS m/z 156 
OVT+l). 

15 Example 2. Preparation of Compound 1, 14"tert"Butoxvcarbonvlamino-18- 

fisoquinolin-l-vloxv)-2,15-dioxo-3.16-diaza-tricvclori4.3.0.0'^'^ nonadec-7-ene-4- 
carboxvlic acid 



O 




i\r-BOC-(iJ?,25)-l-amino-2-vinylcyclopropanecarboxylic acid ethyl ester (8.5 




o 




Example 2» Compound 1 



wo 2004/094452 



113 



PCT/US2004/011824 



Step 2A, Preparation of 2-f l-Ethoxvcarbonvl-2-vinvl--cvcioprop vlcarbarn ovD-4-. 
fisoqfuinolin-l-vloxv Vpyrrnlirli'n e-l-carboxvlic acid tert-butvl ester 




5 

A stirred slurry of 4-(isoquinolin-l-yloxy)-pyrrolidine-l,2-dicarboxylic acid 
1-tert-butyl ester (5.69 g, 15.9 nmol) in 200 mL of methylene chloride was treated 
sequentially with diisopropylethylamine (13.8 mL, 79.0 mmol), HBTU (7.10 g, 18.7 
mmol), HOBT^HaO (2.86 g, 18,7 mmol), and li?,2iS'-l-anmio-2-vinylcyclopropane 

10 carboxylic acid ethyl ester hydrochloride (3.19 g, 16.7 mmol). The gold 
homogeneous solution was stirred at rt under N2 for 18h, and tiien concentrated in 
vacuo to give 10 g of a brown oil. This was partitioned between ethyl acetate and sat. 
aq. NaHCOa. The organic phase was washed with brine, dried (MgS04), and 
concentrated in vacuo. Flash chromatography (2-5% MeOH in methylene chloride) 

15 gave 5.5 g (70%) of 2-(l-ethoxycarbonyl-2-vinyl-cyclopropylcaibamoyl)-4- 
(isoquinolin-l-yloxy)-pyrrolidine-l-carboxylic acid tert-butyl ester: LC-MS (Method 
A, retention time: 3.42 min), MS m/z 496 (M^+1). 



20 



25 
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gtep 2B, Preparation of l-ir4-asoqiiinn1ni-l, vloxvVpvrro 1if^inft-7.-r.s ^^ 
2-vmvl-cvcloproDaneca rfaoxvlic acid etfavl ester, bis hydrochloride 



A stirred slurry of 2-(l-ethoxycarbonyl-2-vinyl-cyclopropylcarbamoyl)-4- 
(isoquinoliii-l-yloxy)-pyrrolidine-l-carboxylic acid tert-butyl ester (5.40 g, 10.9 
mmol) was treated with 2N HCl/ether (Aldrich)(250 mL) for 24 h. The reaction 
mixture was concentrated in vacuo to give 5.3 g ('-'100%)of l-{[4-(isoquinolin-l- 
1 0 yloxy)-pyTrolidine-2-carbonyl]-amino} -2~vinyl-cyclopropanecarboxyUc acid ethyl 
ester, bis hydrochloride as a white solid: LC-MS (Method A, retention time: 2.40 
min), MS ni/z 396 (M^+l). 

Step 2C, Prepar ation of l-l[l-(2-tert-Butoxvcarbonvlamino-non-8-enovlV4- 
15 asocmmolin-l-vloxvV pvrroliHine .2-cart>onvl1 --flminn }-7^vt 
cvclopropanecarboxvlic acid ethvl ester 




O 




5 




o 




20 



2(iS)-/er/-butoxycaibonylamino-8-nonenoic acid (purchased fibom RSP Amino 
Acids)(1.0 g, 3.68 mmol) dissolved in 100 mL of DMF was treated sequentially with 
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1 - { [4-(isoquinolin- 1 -yloxy>pyrroUdine-2-caibonyl]-ainino} -2-vinyl- 
cyclopropanecarboxylic acid ethyl ester, bis hydrochloride (L46 g, 3.68 mmol), N- 
methyl moipholine (1.4 mL, 12.9 mmol), and HATU (PE biosystems)(1.68 g, 4.42 
mmol). The reaction mixture was stirred at rt under N2 for 24 h, and then 
5 concentrated in vacuo. The residue was partitioned between ethyl acetate and pH 4 
buflFer (biphthalate). The organic phase was washed with sat aq. NaHCOs, dried 
(MgS04), and concentrated in vacuo to give 2.2 g of the crude product Flash 
chromatography (20-50% ethyl acetate/hexane) gave 1.9 g (79%) of l-{[l-(2-tert- 
butoxycaibonylamino-non-8-enoyl)-4-(isoquinolin-l-yioxy)-pyrrolidu^^^ 
10 amino}-2-vinyl-cyclopropanecarboxylic acid ethyl ester as a glassy colorless solid: 
LC-MS (Method A, retention time: 3.72 min), MS m/z 649 (M*+l). 

Step 2D, Preparation of 14> tert-Butoxvc arhnnYlaTnin (>-18--fisoquinnHTi-1-YloxvV2.15- 
dioxo-3.16-diaza-tricvclori 4.3.0.0'^'^ nonadec-7-ene-4-carboxvlic acid ethvl ester 

15 




A solution of l-{[l-(2-tert-butoxycarbonylamino-non-8-enoyl)-4- 
(isoquinolin-l-yloxy)-pyrrolidine-2-caibonyl]-amino}-2-vinyl- 

20 cyclopropanecarboxylic acid ethyl ester (1.72 g, 2.65 mmol) and 

tricyclohexylphosphine[l ,3- bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2- 
ylidene][benzylidene]mthenium (TSO dichloride (Strem) (225 mg, 0,265 rmnol) in 
650 mL of methylene chloride was refluxed under N2. The ligjit orange homogeneous 
solution was refluxed for 24 h to give a dark orange solution. The reaction mixture 

25 was cooled to rt and concentrated in vacuo to give 1 .7 g of an orange oil Flash 
chromatography (20-40% ethyl acetate/hexane) gave 1.4 g (85%) of lA-tert- 
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butoxycarbonylamino-1 8-<is(xpinolm-l-yloxy)-2, 1 5-dioxo-3, 1 6-dia2a- 
tricyclo[14.3.0.0'*'^-nonadec-7-eiie-4-carboxylic acid ethyl ester as a white solid: 
NMR (300 MHz, CD3CI3) 5 L29 (t, J=7.3 Hz, 3 H), 1.34 (s, 9 H), 1.35-1.71 (m, 9 H), 
1.86-1.97 (m, 2 H), 2.08-2.27 (m, 2 H), 2.38-2.47 (m, 1 H), 2.96-3.04 (m, 1 H), 4.02- 
5 4.23 (m, 4 H), 4.55 (m, 1 H), 4.91 (dd, J=8.4 Hz, 4.0 Hz, 1 H), 5.25 (t, J=9.5 Hz, 1 
H), 5.32 (d, J=8.8 Hz, 1 H), 5.50 (m, 1 H), 5.81 (m, 1 H), 6.96 (s, 1 H), 7.23 (m, 1 H), 
7.51 (t, J=73 Hz, 1 H), 7.65 (t, J=«.4 Hz, 1 H), 7.73 (d, J=8.4 Hz, 1 H), 7.93 (d, J=5.9 
Hz, 1 H), 8.17 (d, J=8.4 Hz, 1 H). LC-MS OM[ethod A, retention time: 3.52 min), MS 
m/z 621 (M^+1). 

0 

Step 2E, Preparation of Compound L 14-tert-Butoxvcarbonvla minfv-1?^~ (isoquinoIm- 
l-vloxvV2,15-dioxo-3-16-diaza-tricvclori4.3.0.0'^'^l nonadec-7-me-4-carboxvlic acid 




Compound 1 



15 

14-/€rt-butoxycarbonylamino-l 8-(isoquinolin- 1 -yloxy)-2, 1 5-dioxo-3, 1 6- 
diaza-tricyclo[14.3.0.0'^*^]-nonadec-7-ene-4-caiboxylic acid ethyl ester (1.10 g, 1.77 
mmol) was dissolved in the mixed solvent system; THF (18 mL), methanol (8 mL), 
and water (2 mL). Powdered Uthium hydroxide hydrate (744 mg, 17.7 mmol) was 

20 added. The light yellow slurry was stirred at rt under N2 for 24 h, and then 
concentrated in vacuo. The residue was partitioned between ether and water. The 
ether phase was discarded, and the aqueous phase was treated with 4N HCl until the 
pH was 4. This acidic solution was extracted with ether four times. The combined 
ether extmcts were dried (MgS04) and concentrated in vacuo to give 0.95 g (90%) of 

25 14-tert-butoxycarbonylamino- 1 8-(isoquinolin- 1 -yloxy)-2, 1 5 -dioxo-3, 1 6-diaza- 
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tricyclo[14.3.0.0'*'^]-nonadec-7-ene-4^arboxylic acid as a white soli± *H NMR (300 
MHz, CD3CI3) 5 1.30 (s, 9 H), 134-1.46 (m, 4 H), 1.52-1.68 (m, 2 H), 1.84 (m. 2 H), 
2.08-2.58 (m, 6 H), 2.78-2.87 (m, 1 H), 4.07 (m, 1 H), 4.32 (d, J=1L3 Hz, 1 H), 4:41 
(m, 1 H), 4.79 (t, J=7.3 Hz, 1 H), 5.14 (t, J=9.5 Hz, 1 H), 5.23 (d, J=7.3 Hz, 1 H), 
5 5.60 (q, J=8.8 Hz, 1 H), 5.86 (s, 1 H), 7.08 (s, 1 H), 7.22 (d, J=6.2 Hz, 1 H), 7.48 (t, 
J=7.7 Hz, 1 H), 7.64 (t, J=8.0 Hz, 1 H), 7.72 (d, J=8.1 Hz, 1 H), 7.94 (d, J=5.9 Hz, 1 
H), 8.17 (s, J=8.4 Hz, 1 H). LC-MS (Method A, retention time: 3.32 min), MS m/z 
593 (M^+1) 



O 

0-S-NH2 
O 

To a solution of 100 mL of THF cooled to 0 °C was bubbled in gaseous 
ammonia until saturation was reached. To this solution was added a solution of 5 g 
(28.45 mmol) of cyclopropylsulfonyl chloride (purchased from Array Biopharma) in 
50 mL of THF, the solution wanned to rt ovemite and stirred one additional day. 
The mixture was concentrated until 1-2 mL of solvent remained, applied on to 30 g 
plug of Si02 (eluted with 30% to 60% EtOAc/Hexanes) to afford 3.45g (100%) of 
cyclopropyl sulfonamide as a white solid. ^H NMR (Methanol-d4) 6 0.94-1.07 (m, 
4H), 2.52-2.60 (m, IH); ^^C NMR (methanol-d4) 8 5.92, 33.01. 

Method B: 

Step 1: Preparat ion of N-tert-Butvl-f3-chloroWopv1sulfniiftmiHe 

H ^ 

tert-Butylamine (3.0 mol, 315,3 mL) was dissolved in IHF (2.5 L). The solution was 
cooled to - 20®C. 3-Chlaropropanesulfonyl chloride (1.5 mol, 1 82.4 mL) was added 
slowly. The reaction mixture was allowed to warm to rt and stirred for 24 h. The 
mixture was filtered, and the filtmte was concentrated in vacuo. The residue was 
30 dissolved m CH2CI2 (2.0 L), The resulting solution was washed with 1 N HCl (1 .0 L), 
water (1 .0 L), brine (1 .0 L) and dried over Na2S04. It was filtered and concentrated in 



10 Example 3a. Preparation of CvclopropvlsuTfnnamidft 
Method A: 

^ J? NH3 (sat) THF 

|>-S-C1 ^ 

O 0 °C to rt 



15 



20 
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vacuo to give a sligjitly yellow solid, which was crystallized from hexane to afifoid 
the product as a white solid (3 16.0 g, 99%). 

NMR (CDCI3) 5 1.38 (s, 9H), 230-2.27 (m, 2H), 3.22 (t, 7.35 Hz, 2H). 3.68 
(t, y = 6.2 Hz. 2H), 4.35 (b, IH). 
5 Step 2: preparation of Cvclopropa nesulfonic acid tert-buty iarmHft 

To a solution of N-tert-butyl-(3-chloro)propylsulfonamide (2.14 g, 10.0 mmol) in 

THF (100 mL) was added n-BuLi (2.5 M in hexane, 8.0 mL, 20.0 mmol) at -78^C. 

The reation mixture was allowed to warm up to room temperature over period of 1 h. 
10 The volatiles were removed in vacuo. The residue was partitioned between EtOAC 

and water (200 mL, 200 mL). The separated organic phase was washed with brine, 
. dried over Na2S04, filtered and concentrated in vacuo. The residue was recrystallized 

from hexane to yield the desired product as a white solid (1.0 g, 56%), 

^HNMR (CDCI3) 5 0.98-1.00 (m, 2H), 1.18-1.19 (m, 2H), 1.39 (s, 9H), 2.48-2.51 
15 (m, lH),4.19(b, IH). 

Step 3: prepar ation of cvclopropvlsulfonamide 

O 

H2N-S-<| 
O 

A solution of cyclopropanesulfonic acid tert-butylamide (1 10.0 g, 0.62 mol) in TFA 
(500 mL) was stirred at room temperature for 1 6 h. The volatile was removed in 
20 vacuo. The residue was recrystallized from EtOAC/hexane (60 mL/240 mL) to yield 
the desired product as a white solid (68.5 g, 91%). 

^H NMR (DMSO-dfi) 5 0.84-0.88 (m, 2H), 0.95^0.98 (m, 2H), 2.41-2.58 (m, IH), 
6.56 (b,2H). 



25 



Example 3b, Preparation of CI -substituted cvclopropvl siilfoTiamiHftR 
Preparation of iST-ferr-butvl-f 1 -methvncvclopropy l-sulfoTiaTnTfle 



^ 
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Step la Preparation of 7V :/ert-butvl-r3-chloroVopv 1gii1fnTiamiHft. 




As shown above. 



5 



Step lb. Preparation of J V:>/erf--ButvWl-me1hvncvcloprop vI-gn1foiiaTTii'de 



A solution of iV^r€rf-butyl-(3-chloro)propylsulfonainide (4.3 g, 20 mmol) was 




dissolved in dry THF (100 mL) and cooled to ~ 78 ^'C. To ttus solution was added n- 
BxiLi (17,6 mL, 44 mmol, 2.5 M in hexane) slowly. The dry ice bath was removed 

10 and the reaction mixture was allowed to warm to rt over a period of 1 .5h. This 

mixture was then cooled to - 78°C, and a solution of n-BuLi (20 mmol, 8 mL, 2.5 M 
in hexane) was added. The reaction mixture was warmed to rt, recooled to -78 ""C 
over a period of 2 h and a neat solution of methyl iodide (5.68 g, 40 mmol) added. 
The reaction mixture was allowed to warm to rt overnight, quenched with saturated 

15 NH4CI (100 mL) at rt. It was extracted with EtOAc (100 mL). The organic phase was 
washed with brine (100 mL), dried (MgS04), and concentrated in vacuo to give a 
yellow oil which was crystaUized from hexane to aflFord the product as a slightly 
yellow solid (3.1 g, 81%): NMR (CDCI3) 5 0.79 (m, 2H), 1.36 (s, 9H), 1.52 (m, 
2H), 1.62 (s, 3H), 4.10 (bs, IH). 



A solution of JV'-/er^-butyl"(l-methyl)cyclopropylsxilfonainide (1.91 g, 10 mmol) was 
dissolved in TFA (30 mL), and the reaction mixture stirred at rt for 16 h. The solvent 
25 was removed in vacuo to give a yellow oil which was crystallized from EtOAc / 
hexane (1 : 4, 40 mL) to yield Example 3, 1-methylcyclopropylsulfonamide, as a 
white solid (1.25 g, 96%): NMR (CDCI3) 8 0.84 (m, 2H), 1.41 (m,2H), 1.58 (s. 



20 



Ste p Ic: Preparation of l-methvlcvclopropvlsulfonamide 
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311), 4.65 (bs, 2H). Anal. Calcd. For C4H9NO2S: C, 35.54; H, 6.71; N, 10.36. Found: 
C, 35.67; H. 6.80; N, 10.40. 

Preparation of l-Bemzvlcvclopropvlsulfonamidft 

Steps lb: Preparation of -Ar-ZerZ-Butvl-ri -benzvncvclopropvl-sulfonamide. 

H 



This compouiKl was obtained in 60% yield using the procedure described for the 
synthesis ofi\^-^er/-butyl-(l-nie11iyl)cyclq[)ropylsulfonaniide except 1.05 equivaloits 
10 of benzyl bromide were used, followed by trituration with 10% EtOAc in hexane: 'h 
NMR (CDCI3) 5 0.92 (m, 2H), 1.36 (m, 2H). 1.43 (s, 9H), 3.25 (s. 2H), 4.62 (bs, IH), 
7.29-7.36 (ro, 5H). 



15 Steps Ic: Preparation of l-Bcnzvlcvclo-propvlsulfo Tiamiflp. 

This confound l-beii2ylcyclopropylsulfonaimde, was obtained in 66% yield from//- 
ter/-butyI(l-ben2yl)cyclopropylsiilfonamide using the procedure described for the 
synthesis of 1-methylcyclopropylsulfonamide, followed by recrystallization from the 
20 Tnininrium amount of 1 0% EtOAc in hexane: NMR (CDCI3) 5 0.90 (m, 2H), 1 .42 
(m. 2 H), 3.25 (s, 2 H), 4.05 (s, 2 H), 7.29 (m, 3 H), 7.34 (m, 2 H); ^^C NMR (CDCI3) 
5 11.1, 36.8, 41.9, 127.4, 128.8, 129,9, 136.5. 

Preparation of l-Propvlcvclopropyl5ni1fnnflmide 

Q 



25 



Steps lb: Preparation of jy-ter^Butvl-fl--beDzvncvclopropvl-sulfonamide . 
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This compound was prepared using the process desribed for the preparation of 1- 
methylcyclopropylsulfonamide except propyl halide was utUized in place of methyl 
iodide in the second step of this process. 

5 

Preparation of 7/-ferr-Butvl- ri-allvl'>cvclopropvignlfnnaTnirtP. 

This compound, iV-/er^Butyl-(l-aUyl)cycloprQpylsidfonainide, was obtained in 97% 
yield according to the procedure described in the synlliesis ofN-tert-Bvtyl'(U 
10 methyl)cyclopropylsul-fonamide except 1.25 equivalents of allyl bromide were used 
as electrophile- The compound was taken directly into the next reaction without 
purification: NMR (CDCI3) S 0.83 (m, 2H), 1 .34 (s, 9H), 1 .37 (m, 2H), 2.64 (d, J 
= 7.3 Hz, 2H), 4.25 (bs, IH), 5.07-5.10 (m, 2H), 6.70-6.85 (m, IH). 

15 Preparation of l-allvicvclopropvlgulfnnflmirlft 




This compound, l-allylcyclopropylsulfonamide, was obtained in 40% yield from 7/- 
rer/'-butyl.(l-allyl)cyclopropylsulfonamide according to the procedure described in 
the synthesis of l-Methylcyclopropylsulfonamide. The compound was purified by 
20 column chromotography over Si02 using 2% MeOH in CH2CI2 as the eluent: 

NMR (CDCI3) 8 0.88 (m, 2 H), 1.37 (m, 2 H), 2.66 (d, ^=7.0 Hz, 2 H), 4.80 (s, 2 H), 
5,16 (m, 2 H), 5.82 (m, 1 H); ^^C NMR (CDCI3) 5 11.2, 35.6, 40.7, 1 19.0, 133.6. 



Preparation of JV^-rer/- Butvl-ri-fl--hvdroxv>cvclohexvlVcvclopropvlsulfonam 
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This conq)ound was obtained in 84% yield using to tibe procedure described for the 
synthesis of iV'-/er/-ButyKl-methyl)cyclopropylsul-fonaimde except 1.30 equivalents 
of cyclohexanone were used, followed by recrystallization from the miniTrmin 
amount of20%EtOAc in hexane: ^HNMR (CDCI3) 5 1.05 (m, 4H), 1.26 (m,2H), 
5 1.37 (s, 9H), 1.57-1.59 (m, 6H), 1.97 (m, 2H), 2.87 (bs, IH), 4.55 (bs, IH). 

Preparation of 1- f l-cvclohexenvncvcloproDvl-sulfn TiamiHft 



This compound, l-(l-cyclohexenyl)-cyclopropylsulfonamide was obtained in 85% 
1 0 yield from A^-tert-butyl-[ 1 -(1 -hydroxy)cyclohexyl]-cyclopropylsulfonamide using the 
procedure described for the synthesis of 1-methylcyclopropylsulfonamide, followed 
by recrystallization from the minimum amount of EtOAc and hexane: NMR 
(DMSO-d6) 8 0,82 (m, 2 H), 1.28 (m, 2 H), 1.51 (m, 2 H), 1.55 (m, 2 H), 2.01 (s, 2 
H), 2.16 (s, 2 H), 5.89 (s, 1 H), 6.46 (s, 2 H); '^C NMR (DMSO-d6) 5 1 1.6, 21.5, 
15 22.3, 25.0, 27,2, 46.9, 131.6, 132.2; LR-MS (ESI): 200 (M^-1). 

Preparation o f iy-/gr/-Butvl~(l -benzovDcvcloprnpyl-mlfonamide. 



This compound was obtained in 66% yield using the procedure described for the 
20 synthesis of iV-^err-Butyl-(l-methyl)cyclopropylsulfonamide except 1 .2 equivalents 
of methyl benzoate was used as the electrophile. The compoimd was purified by 
column chromatography over Si02 using 30% to 100% CH2CI2 in hexane: NMR 
(CDCI3) 5 1.31 (s, 9H), 1.52 (m, 2H), 1.81 (m, 2H), 4.16 (bs, IH), 7.46 (m, 2H), 7.57 
(m, IH), 8.05 (d, J= 8.5 Hz, 2H). 





25 



Preparation of l-benzovlcvclo-propvlsulfonamide. 
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This compoundl-benzoylcyclopropyl-sulfonamide, was obtained in 87% yield from 
iV-fer/-butyl(l-benzoyl)cyclopropylsul-fonanude using the procedure described for 
the synthesis of 1-MethylcyclopropyIsulfonamide, followed by recrystallization from 
the m in i mum amount of EtOAc in hexane: *H NMR pMSO-d^) 8 1.39 (m, 2 H), 
5 1.61 (m, 2 H), 7.22 (s, 2 H), 7.53 (t, J^7.6 Hz, 2 H), 7.65 (t, ,^=7.6 Hz, 1 H), 8.06 (d, 
^8.2 Hz, 2 H); ^^C NMR (DMSO-dg) 5 12.3, 48.4, 128.1, 130.0, 133.4, 135.3, 192.0. 



15 



Preparation of A^"/er(-Butvl-/1 -pHCTy1nniin ocaiboxv)-cvclopropvlsulfonamide 

O O H I 



PhHN- ^ 



1 0 This compound was obtained in 42% yield using the procedure described for the 
synthesis ofiV'-/er/-Butyl-(l-methyl)cyclopropylsulfbiiarnideiisirig 1 equivalent of 
phenylisocyanate,. followed by recrystallization from the minimum amount of EtOAc 
in hexane ^H NMR (CDCI3) S 1.38 (s, 9H), 1,67-1.71 (m, 4H), 4.30 (bs, IH), 7.10 (t, 
J= 7.5 Hz, IH), 7.34 (t, /= 7.5 Hz, 2H), 7.53 (t, 7= 7.5 Hz, 2H). 



Example 4. Preparation of cvcloalkvlsulfonamides from cvloalkvlbromides 
Preparation of cvclobutvlsulfonamide from cvlobutvlbromide 

i) fBuLi 

II) SO2CI2 

iii) NH3 (sat) THF 

^.^^^ ^ 0 °C to It _ n 
<^ — ^Br ► <^J> — S-NH2 

O 

20 

To a solution of 5.0 g (37.0 mmol) of cyclobutyl bromide in 30 mL of 
anhydrous diethyl ether (EtaO) cooled to -78 was added 44 mL (74.8 mmol) of 
1 .7M /er/-butyl lithium in pentanes and the solution slowly warmed to -35 over 
1 .5h. This mixture was cannulated slowly into a solution of 5.0 g (37.0 mmol) of 
25 freshly distilled sulfuryl chloride in 100 mL of hexanes cooled to -40 °C, wanned to 
0 **C over Ih and carefrilly concentrated in vacuo. This mixture was redissolved in 
Et20, washed once with some ice-cold water, dried (MgS04) and concentrated 
carefrilly. This mixture was redissolved in 20 mL of THF, added dropwise to 500 mL 
of saturated NH3 in THF and was allowed to stir ovemite. The mixture was 



wo 2004/094452 



PCTAJS2004/011824 



124 



15 



20 



concentrated in vacuo to a crude yellow soUd and was recrystallized from the 
minimimi amount of CH2CI2 in hexanes with 1-2 drops of MeOH to aflford 1 .90 g 
(38%) of cyclobutylsulfonamide as a white solid. NMR (CDCI3) 8 1.95-2.06 (m, 
2H), 2.30-2.54 (m, 4H), 3.86 (p. Jt=8 Hz, IH), 4.75 (brs, 2H); ^^C NMR (CDCI3) 5 
16.43, 23.93, 56.29. HRMS m/z (M-H)" calcd for C4H8NSO2: 134.0276, found 
134.0282. 

Preparatio n of cvclopen tvl gulfntiamirlft 



A solution of 18.5 mL (37.0 mmol) of 2M cyclopentyl-magnesium chloride in ether 
was added dropwise to a solution of 3.0 mL (37.0 mmol) freshly distilled sulfiiryl 
chloride (obtained from Aldrich) in 100 mL of hexanes cooled to -78 ^C. The 
mixture was warmed to 0 over 1 h and was then carefrdly concentrated in vacuo. 
This mixture was redissolved in Et20 (200 mL), washed once with some ice-cold 
water (200 mL), dried (MgS04) and concentrated carefully. This mixture was 
redissolved in 35 mL of THF, added dropwise to 500 mL of saturated NH3 in THF 
and was allowed to stir ovemite. The mixture was concratrated in vacuo to a crude 
yeUow solid, the residue filtered throu^ 50g of silica gel using 70% EtOAc-hexanes 
as the eluent and the solution was then concentrated. The residue was recrystallized 
from the minim um amount of CH2CI2 in hexanes with 1-2 drops of MeOH to afford 
2.49 g (41%) of cyclopentylsulfonamide as a white solid. NMR (CDCI3) 8 1.58- 
1.72 (m,2H), 1.74-1.88 (m, 2H), 1.94-2.14 (m, 4H), 3.48-3.59 (m, lH),4.80(bs, 
2H); ^^C NMR (Ca^Cla) 5 25.90, 28.33, 63.54; MS m/e 148 (M-H)'. 

Preparation of cvclohexvl suJ fonamiHft 



A solution of 18.5 mL (37.0 mmol) of 2M cyclohexylmagnesium chloride (TCI 
Americas) in ether was added dropwise to a solution of 3.0 mL (37.0 mmol) freshly 
distilled sulfiuyl chloride in 100 mL of hexanes cooled to -78 ^C. The mixture was 
warmed to 0 over 1 h and was then carefrilly concentrated in vacuo. This mixture 
was redissolved in BtjO (200 mL), washed once with some ice-cold water (200 mL), 
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dried (MgS04) and concentrated carefuUyThis mixture was redissolved in 35 mL of 
THF, added dropwise to 500 mL of saturated NH3 in THF and was allowed to stir 
ovemite. The mixture was concentrated in vacuo to a crude yellow solid, the residue 
filtCTed flirough 50g of silica gel using 70% EtOAc-hexanes as the eluent and was 
5 concentrated. The residue was recrystallirod from the ininimum amount of CH2CI2 
in hexanes with 1-2 drops of MeOH to afford 1.66 g (30%) of cyclohexyl- 
sulfonamide as a white solid: *HNMR(CDCl3) 5 1.11-1.37 (m, 3H), 1.43-1.56 (m, 
2H), 1.67^1.76 (m, IH), 1.86-1.96 (m, 2H), 2.18-2.28 (m, 2H), 2.91 (tt,^12, 3.5 Hz, 
IH), 4.70 (bs, 2H); ^^^H NMR (CDCI3) 8 25.04, 25.04, 26.56, 62.74; MS m/e 162 
10 (M-1)". 



Example 5. Preparation of Compound 2. ri8-f Tsnqinnn1in -l-vloxvW- 
methanesiilfQnvlaminn carbonvl-2.15-<Koxo-3.16-dia2a-tricvclori43.0.^ 
7-en-14-vl]-carhamic acid tert-butvl ester 




Prepared from 14-tert-butoxycarbonylamino-18-(isoquinolin-l-yloxy)-2,15- 
dioxo-3,16-dia2a-tricyclo[14.3.0.0'*'^]-nonadec-7-ene-4-carboxylic acid (50 mg, 0.075 

20 mmol) and methane sulfonamide (9.3 mg, 0.098 mmol) as described in the general 
procedure above to give [18-(isoquinolin-l-yloxy)-4-methanesulfonylaminocarbonyl- 
2,15-dioxo-3,l 6-diaza-tricyclo[14.3.0.0^'^]nonadec-7-en-14-yl]-carbamic acid tert- 
butyl ester as a white powder: NMR (300 MHz, CD3CI3) 5 1.18 (s, 9 H), 1.25-1.96 
(m, 11 H), 2.26 (m, 1 H), 2.54 (m, 1 H), 2.71 (m, 2 H), 3.18 (s, 3 H), 4.08 (m, 1 H), 

25 4.26 (m, 1 H), 4.64 (m, 2 H), 5.00 (m, 2 H), 5.73 (m, 1 H), 6.01 (s, 1 H), 6.73 (s, 1 
H), 7.28 (d, J=5.5 Hz, 1 H), 7.50 (t, J=7.3 Hz, 1 H), 7.65-7.76 (m, 2 H), 7.98 (d. 
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J=5.9 Hz, 1 H), 8.19 (d, J=7.7 Hz, 1 H), 10.28 (s, 1 H). LC-MS (Method A, retention 
time: 3.57 min), MS m/z 670 (M^+1). 

Example 6, Preparation of Co mpound 3. ri8-fIsoQuinolin-l-vloxv^-2,15-dioxo-4- 
5 rpropane-2-sulfonvlaminocarbonvlV3^1fi-Hia7.5i-f ncvclo-rU 
14-vl]-carbamic acid tert-butvl ester 



1 0 1 4-tert-butoxycarbonylamino-l 8-(isoquinolin- 1 -yloxy)-2, 1 5-dioxo-3 , 1 6-dia2a- 
tricyclo[14.3.0.0'*'^-nonadec-7-ene-4-carboxylic acid (67 mg, 0.10 mmol) was 
dissolved in 5 mL of THF and treated with GDI (21 mg, 0.13 mmol). (Care was taken 
to avoid moisture by using oven dried glassware and maintfli'timg a dry N2 
atmosphere.) After refluxing the reaction mixture for one hour, it was cooled to rt and 

15 treated sequentially with isopropylsulfonamide (16 m& 0.13 nomol) and DBU (20 
mg, 0. 13 mmol). After stirring for 24 h at rt, the THF was removed by rotary 
evaporation. The residue was partitioned between ethyl acetate and pH 4 buffer. The 
organic phase was dried (MgS04) and concentrated in vacuo to give the crude 
product Flash chromatography (1-5% MeOH/methylene chloride) gave 50 mg (71%) 
20 of the desired product Further purification by preparative HPLC (YMC ODS-A, S5, 
20 X 100mm, gradient: 60% to 100%B) gave 30 mg (43%) of [18-(isoquinolin-l- 
yloxy)-.2, 1 5-dioxo-4-(propane-2-sulfonylaminocarbonyl)-3, 1 6-diaza- 
tricyclo[14.3.0.0'^*^]nonadec-7-en-14-yl]-carbamic acid tert-butyl ester as a white 
powder: 'H NMR (300 MHz, CD3CI3) 5 1.22 (S, 9 H), 1.31 (d. J=6.6 Hz, 3 H), 1.41 



25 (d, J=6.9 Hz, 3 H), 1.20-1.96 (m, 1 1 H), 2.30 (q, J=8.4 Hz, 1 H), 2.56 (m, 1 H), 2.69 




g 




Com|>ouncl 3 
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(m, 2 H), 3.69 (m, 1 H), 4.03 (m, 1 H), 4.29 (m, 1 H), 4.62 (m, 2 H), 4.97-5.06 (m, 2 
H), 5.68 (q, J=9.5 Hz, 1 H), 5.91 (s, 1 H), 6.76 (s, 1 H), 7.23 (m, 1 H), 7.45 (t, J=7.7 
Hz, 1 H), 7.63 (t, J=8.1 Hz, 1 H), 7.71 (d, J=8.1 Hz, 1 H), 7.97 (d, J=5.9 Hz, 1 H), 
8.17 (d, J=8.1 Hz, 1 H), 9.89 (s, 1 H). LC-MS (Method A, retention time: 3.79 min) , 
5 MS/w/z670(M^+l). 

Rvanriple 7^ Pr eparation of Compound 4. r4-CvcloproDane sulfnnYlaTTt mocarbonvl-18- 
f isoquinolin- 1 -vlo xvV2. 1 5>dioxo-3, 1 6-diaza-tricvclor 14 O n^'^]iinnaH ec->7-en-l 4- 
vn-carbamic acid tert-butvl ester 

10 




Compound 4 



Prepared from 14-tert-butoxycarbonylaimno-18-(isoquinolin-l-yloxy)-2,15- 
dioxo-3,16-diaza-tricyclo[14.3.0.0'^*^]-nonadec-7-ene-4-carboxylic acid etherate (100 

15 mg, 0.15 mmol) and cyclopropylsulfonamide (24 mgj 0.20 mmol) as described in the 
general procedure above. Flash chromatography (2% methanol/methylene chloride) 
gave 55 mg (53%) of [4-cyclopropanesulfonylarninocarbonyl-18-(isoquinolin-l- 
yloxy)-2, 1 5-dioxo-3, 1 6-diaza-tricyclo-[ 1 4.3 .0.0'^'^]-nonadec-7-en- 1 4-yl]-carbamic 
acid tert-butyl ester as a white powder: ^H NMR (500 MHz, CD3CI3) 5 0.89-0.95 (m, 

20 1 H), 1.03-1.16 (m, 3 H),1.22 (s, 9 H), 1.18-1.48 (m, 8 H), 1.78 (m, 1 H), 1.87 (m, 1 
H), 1.94 (m, 1 H), 2.29 (q, J=9.0 Hz, 1 H), 2.56 (m, 1 H), 2.67 (dd, J=7.9 Hz, 2.7 Hz, 
2 H), 2.90 (m, 1 H), 4.04 (dd, J=11.3 Hz, 4.0 Hz, 1 H), 4.29 (m, 1 H), 4.61 (m, 2 H), 
4.97-5.03 (m, 2 H), 5.70 (m, 1 H), 5.94 (s, 1 H), 6.67 (s, 1 H), 7.25 (m, 1 H), 7.47 (t, 
J=7.3 Hz, 1 H), 7.64 (t, J=7.3 Hz, 1 H), 7.72 (d, J=7.9 Hz, 1 H), 7.97 (d, J=5.8 Hz, 1 

25 H), 8.17 (d, J=8.5 Hz, 1 H), 10.20 (s, 1 H) . LC-MS (Method A, retention time: 3.67 
min), MS m/z 696 (M^+1). 
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Example 8, r4-(l-Benzv1-cvclQprop anft mlfnnvlaminocaAonvlVl84'isoamnnlin.U 
YloxY)-2,lS-dioxo-3.16-diaza-tricvclon4/t n 0^-<1noiiadec-7-e n-14-vn-fiaf4.».mi>. aoi^ 
tert-butvl estesr 




Compound 



Prepared from 14-tert-butoxycarbonylamino-.18<isoqumolin-l-yloxy)-2,15- 
dioxo-3,16-diaza-tricyclo[14.3.0.0'*'*]-nonadec-7-ene-4^arboxyUc acid (50 mg, 0.075 
10 mmol) and l-benzyl-cyclopropanesulfonic acid amide (21 mg, 0.098 mmol, prepared 
as described above) to give.[4-(l-benzyl-cyclopropanesulfonylaminocarbonyl)-18- 
(isoquinolin-l-yIoxy)-2,15-dioxo-3,16-dia2a-tricyclo[14.3.0.0'''*]iionadec-7-en-14- 
yl]-carbamic acid ter/-butyl ester as a white powder: *H NMR (500 MHz, CD3CI3) 8 
1.23 (s, 9 H), 1.04-1.92 (m, 14 H), 1.96 (m, 1 H). 2.32 (dd, J=17.7 Hz, 9.5 Hz, 1 H), 
15 2.59 (m, 1 H), 2.70 (m, 2 H), 3.20 (d, J=13.4 Hz. 1 H), 3.41 (d, J=13.7 Hz, 1 H), 4.02 
(m, 1 H), 4.29(m, 1 H). 4.61 (m, 2 H), 5.01 (d, J=7.6 Hz, 1 H), 5.15 (m, 1 H), 5.78 
(m. 1 H). 5.92 (s, 1 H), 6.65 (s, 1 H), 7.08 (d, J=8.2 Hz, 2 H), 7.26 (m, 4 H), 7.46 (t, 
J=7.3 Hz, 1 H), 7.64 (t. J=7.3 Hz, 1 H), 7.72 (d, J=8.2 Hz, 1 H), 7.97 (d, J=5.8 Hz, 1 
H), 8.17 (d, J=8.9 Hz. 1 H), 10.05 (s. 1 H). LC-MS (Method A, retention time: 3.87 
20 min). MS m/z 786 (M*+l). 

Example 9. Prenaration of Co mpound 6. f 18-asoauinolin-l-vloxv1-2.1S-dioxo-4-(1- 
propvl-cvclopro panesulfonvlaTninnp.flrbonvl)-3. 1 6-diaza-tricv 
clori4.3.Q.0'*'^po nadec-7-en-14-vn-caThamic acid terf-butvl ester 
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Compound 6 



Prepared from 14-^er^•butoxycal^>onylamino-I8-(isoquinolin-l-^^ 
dioxo-3,16-dia2a-1ricyclo[143.0.0'*'^]-nonadec-7-ene-4-cai* acid (50 mg, 0.075 
5 tmnol) and l-propyl-cyclopropanesulfonic acid amide (16 mg, 0.098 mmol, prepared 
as described above) to give [18<isoqiiinolia-l-yloxy>2,15-dioxo-4-(l-propyl- 
cyclopropanesulfonylaminocaibonyl)-3, 1 6-diaza-1ricyclo[ 14.3 .0.0^'^]noiiadec-7-en- 
14-yl]-cart)amic acid terf-butyl ester as a white powder: NMR (300 MHz, CD3CI3) 
6 0.82-0.93 (m, 5 H), 1,23 (s, 9 H), 1.30-1.94 (m, 17 H), 2.28 (m, 1 H ), 2.54 (m, 1 
10 H), 2.68 (dd, J=8.1 Hz, 3.2 Hz, 2 H), 4.05 (m, 1 H), 4.30 (m, 1 H), 4.63-4.66 (m, 2 
H), 4.96-5.09 (m, 2 H), 5.70 (m, 1 H), 5.92 (s, 1 H), 6.69 (s, 1 H), 7.23 (m, 1 H), 7.46 
(t, J=8.1 Hz, 1 H), 7.63 (t, J=8.1 Hz, 1 H), 7.72 (d, J=8.1 Hz, 1 H), 7.97(d, J=5.9 Hz, 
1 H), 8.17 (d, J=8.4 Hz, 1 H), 10.12 (s, 1 H). LC-MS (Method A, retention time: 3.77 
min), MS m/z 738 (M^+l), 

15 

Fyample 10^ Pr eparation of Compound 7. ri8-fIsocpiinolin-l-vloxvV2.15-dioxo-4-(l- 
propvl-cvclopropaQesulfonvIanMnocarbonvlV3J6-diaza-tricvclofl4.3.0.0'*'^1nonadec- 
14-v11-.caTf>amic a cid tert-butvl ester 
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To amixture of 73 mg (0.1 mmol) of [18-(Isoquinolin-l-yloxy).2,15-dioxo-4- 
(I -propylcyclopropanesiilfonylamino-carbonyl)-3, 1 6-diaza- 
5 tricyclo[143.0.0'^'Vonadec-7-en-14"yl]-carbaimc acid tert-butyl ester in 3 mL of 
methanol was added 332 mg (2 mmol)of dipotassixmi azodicarboxylate. Glacial 
acetic acid (240 mg, 4 mmol) in 2 mL of methanol was added slowly by a syringe 
pump over 5 h. The mixture was stirred at rt After 5 h, another 332 mg (2 nmiol)of 
dipotassium azodicarboxylate and 240 mg (4 namol) of glacial acetic acid was added 
10 over the course of 5 h and the stirring was continued overnight This cycle was 
repeated twice. LC-MS showed about 40% starting material still remaining. The 
solvent was then removed on a rotary evaporator. Water was added to the residue and 
the mixture was extracted three times with ethyl acetate. It was then dried with 
magnesium sulfete, filtered and concentrated in vacuo. The resulting oil was 
1 5 dissolved in methanol and purified by preparative HPLC ( YMC ODS-A, S5, 20x100 
mm, gradient:80% B to 85% B, 15 min, hold 2 min. flow rate 25 mL/min) to isolate 
the product as a white powder (25 mg, 34%). 

NMR (500 MHz. CDsCh) 5 0.91 (m, 5 H), 1.30 (s, 9 H), 1.20-1.80 (m, 21 H). 
1.86-1.93 (m, 2 H), 2.57 (m, 1 H), 2.67 (m, 1 H), 4.10 (m, 1 H), 4.36 (d, J=12.2 Hz, 1 
20 H), 4.44 (t, J=8.2 Hz, 1 H), 4.61 (t, J=7.9 Hz, 1 H), 5.16 (d, J=8.2 Hz, 1 H), 5.92 (bs, 
1 H), 6.58 (bs, 1 H), 7.25 (m, 1 H), 7.49 (t, J=7.3 Hz, 1 H), 7.65 (t, J=7.3 Hz, 1 H), 
7.73 (d, J=8.2 Hz, 1 H), 7.97 (d, J=5.8 Hz, 1 H), 8.15 (d, J=8.2 Hz, 1 H), 10.09 (s, 1 
H). LC-MS (Method A, retention time: 3.83 min), MS m/z 740(M***+1). 
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Example 11, Preparation of Comp nimri 8, ri8-flsoaumolin-l-vloxv)-4>ri-niethv1- 
cvclopropanesulfonv1amin ocarbQnvlV2^15-dioxo-3,16-diaza- 
tricvclori4.3.0.0^'^]nnTi;iHec-7-en-14-Yl l-carhflmin flrjd tert-butvl ester 




Prepared firom 14-tert-butoxycarbonylamino-18-(isoquinolin-l-yloxy>2,15- 
dioxo-3,16-diaza-tricyclo[14.3.0.0'^'^]-nonadec-7-ene-4-carboxyKc acidetherate (105 
mg, 0.177 mmol) and l-methyl-cyclopropanesulfonic acid amide (31 mg, 0.23 mmol, 
10 prepared as described above). Flash chromatography (2% methanol/methylene 
chloride) gave 73 mg (58%) of [18-(isoquinolin-l-yloxy)-4-(l-methyl- 
cyclopropanesulfonylaminocarbonyl)-2 , 1 5-dioxo-3 , 1 6-diaza- 
tricyclo[14.3.0,0^'^nonadec-7-en-14-yl]-carbamic acid tert-butyl ester as a white 
powder: LC-MS (Method A, retention time: 3.50 min), MS m/z 710 (M^+1). 

15 

Example 1?. Prenaiation of C ompoim9. r4-Cvclobutanesiilfonvlaminocarbonvl-18- 
(isoquinolin-l-vloxv)-2J5-diQx o-3.16>-diaza-tricvclori4.3.0.Q^*^ nnnaH ^^^^^ 
vll-carhamin tert-butvl ester 




Compound 9 
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Prepared from 14-tert-butoxycarbonylainincKl8-(isoquinolin-l-yloxy)-2,15- 
dioxo-3,16-dia2a-tricyclo[14.3.0.0^*^]>nonadec-7-ene^carboxylic acid etheiate (1 14 
mg, 0.192 mmol) and cyclobutanesulfonic acid amide (34 mg, 0.25 mmol) as 
5 described in the general procedure above. Flash chromatography (2% 

methanol/methylene chloride) gave 73 mg (58%) of [18-(isoquinolin-l-yloxy)^(l- 
methy^cycIopropanes^Ilfonylaminoca^bonyl)-2, 1 5-dioxo-3, 1 6-diaza- 
tricyclo[14.3.0.0^'^]nonadec-7-en-14-yl]-carbamic acid tert-butyl ester as a white 
powder: LC-MS (Method A, retention time: 3.55 min), MS m/z 710 (M*^+l). 

10 

Example 13, Preparation of Co moomid 10. r4-Cvcloprop anesulfony1amin Qcarbonvl- 

18»-(isoquinolin-l--vloxvV2.15-d ioxo-3-16-diaza>tricvclori4.3.0,0^>^^ 

caifaamic acid tert-butvl ester 




Compound 10 



15 To a.mixture of 1 40 mg (0.2 mmol) of [4- 

cyclopropanesidfonylaminocarbonyH 8-(isoquinolin-l-yloxy)-2, 1 5-dioxo-3,l 6- 
diaza-tricyclo[14.3.0.0^'^]nonadec-7-en-14-yl]-carbamic acid tert-butyl ester in 3 mL 
of methanol was added 656 mg (4 mmol)of dipotassium azodicarboxylate. Glacial 
acetic acid (480 mg, 8 mmol)in 2 mL of methanol was added slowly by a syringe 

20 pmnp over 5 h. The mixture was stirred at rt. After 5 h, another 656 mg (4 mmol)of 
dipotassium azodicarboxylate and 480 mg (8 mmol) of glacial acetic acid was added 
over the course of 5 h and the stirring was continued bvemight. This cycle was 
repeated twice, LC-MS showed about 40% starting material still was remaining. The 
solvent was then removed on a rotary evaporator. Water was added to the residue and 
25 the mixture was extracted three times with ethyl acetate. It was then dried with 
magnesium sulfate, filtered and concentrated in vacuo. The resulting oil was 
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dissolved in methanol and purified by preparative HPLC ( YMC XTERRA S5 
30x50 mm, gradient 72o/„ B to li% B, 15 min, hold 2 min. flow rate 40 ml/min) to 
isolate the product a. a white powder (80 mg, 57%). LC-MS (Method A, retention 
time: 3.59 min), MS m/z 698 (M*+l). 



Example 14, Preparation of Con.po.nH 1 1 Cvclon».,»......f»^ ,-, na..»»wt 

risoquinolin-l-y lnx yV.i5.dioxo-3,16-diB7a-tricvclnrM.nn4.V .„^^^ 
caibonvll-amide hi? hydroehlnrirft. 



10 



15 



20 




€k>inpound 11 



A stirred slurry of [4-cyclopropane-sulfonylaminocaibonyl-18-(isoquinolin-l- 
yloxy)-2,15-<lioxo.3.16sW-tricyclo[14.3.0.0*'<']nonadec.7.en.l4-yl].carb^^ acid 
tert-butyl ester (1.20 g. 1.7 mmol) was treated with 4N HCI/dioxane (AldHch)(10 
mL) for 4 h. The reaction mixture was concentrated in vacuo to give 1.10 g (92%) of 
cyclopropancsulfonic acid [14-amino.l8-(isoquinolin.l-yloxy)-2,15-dioxo-3 16- 
dia2a.fricyclo[14.3.0.0*.<lnonade(>.7.ene-J.carbonyl].amide bis hydrochloride ^ a 
white solid: LC-MS (Method B, retention time: 1.39 min), MS m/z 596 (M*+l-2 
HCl). 

Example 15, Preparation of Compound 12 r4-rs,oT opr»n«i..^,lfanyio^.N> o^rf^„^,. 

18-(isoquinolfn-VyloxyV7T5-dioTo.3.1(^iW..fWoy .Iori4,rnn'^>^ ^^^ 
14-vn-cariyamtfc acid rn gflivl ester 
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O 




Compound 12 



To a mixture of cyclopropanesulfonic acid [14-amino-18-(isoqiiinolin-l- 
yloxy)-2, 1 5-dioxo-3, 1 6-diaza-tricyclo[l 4.3 .0.0^'^]nonadec-7-ene-4-carbonyl]-amide 
5 bis hydrochloride (50 mg, 0.075 mmol) in 2 mL of DCM was added 44 fiL (0.25 
mmol)of DIPEA ^d 9 mg (0.10 mmol) of methyl chlorofomiate. The mixture was 
stirred at rt for 2 h. It was then diluted with EtOAc and washed with pH 4 buffer (2x) 
and brine (Ix). The organic phase was dried (MgS04) and concentrated in vacuo to 
give the crude product. Flash chromatography (2% MeOH/DCM) gave 40 mg (82%) 
10 of the desired product as a white solid: LC-MS (Method A, retention time: 3.05 min), 
MS/m/z654(M^+1). 

Example 16, Preparation of Compound 13. r4-Cvclopropan esu1fnny1aTrtin ocarbonvl- 
18-risoquinolin> l>vloxvV2.15-dioxo->3a6-dia2a>-tricvcIori4.3.0.0^'^1nonadec-7~en- 
15 14-vn>-carbamic acid 2, 2-dimftt hvl-propvl ester 





Compound 13 
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To a mixture of cyclopropanesulfonic acid [14-aniino-18-(isoquinolin-l- 
yloxy)-245-dioxo-3,16-diaza-tricyclo[14.3.0.0^•Vnade(>7.ene-^c^^^ 
bis hydrochloride (50 mg, 0.075 nunol) in 2 mL of DCM was added 44 jiL (0 25 
mmol) of DIPEA and 15 mg (0.1 mmol) of neopentyl chlorofommte. lUe mixture 
5 was stirred at rt for 2 h. It was then diluted with EtOAc and washed with pH 4 buffer 
(2x) and brine (Ix). The organic phase was dried (MgS04) and concentrated in vacuo 
to give the crude product. The resulting oil was dissolved in methanol and purified by 
preparative HPLC (YMC XTERRA, S5. 30x50 mm, gradient 65% B to 100% B. 15 
min, hold 2 min, flow rate 40 ml/min) to isolate the product as a white powder (42 
10 mg. 79%): LC-MS (Method A. retention time: 3.58 min), MS m/z 710 (M*+l). 



General ProcednrP Pni- Preparation n f chlnroforf n,^, 

o 

phosgene, J I 

o-A, pyridine ^ U 

i^oH — - — ^ rv-°'^« 

CC to rt 



15 



0 "C to rt 
THF 



20 



25 



This procedure was used for the preparation of non-commercially available 
chlorofoimates. To a solution of 5.96 g (67.6 mmol) of commerciaUy available 
reagents (S).3.hydioxytetrahydro&ran and pyridine (5.8 mL; 72 mmol) in THF (150 
mL) cooled to 0 °C was added a 1 .93 M solution of phosgene in toluene (48 mL. 92.6 
mmol over 10 mm under argon. The resulting solution was aUowed to warm to rt 
over 2 h. the resulting soHd filtered, and the mother Uquor carefuUy concentrated in 
vacuo at room temperature until theoretical mass was obtained. The resulting residue 
was dissolved in 100 mL of THF to prepare a 0.68M stock solution of 3(S)-oxo- 
tetrahydrofuran chlorofonnate that could be stored in the freezer unta use. In 
analogous fashion, other commercially available alcohols could be converted to 
0.68M stock solutions of the coiTesponding chlorofoimates. 

Example 17, Preparation of Comnom.d 14. \AJ:^.^^^ o r,Tor^e^.^f^^^^^ inac.^^^. 

18-risoquino1in-l-yloxy).2J5-dioxo-3.1fi-H.W« ricvclorT4Tnn^-6lnonader..7^^^ 
14-vn-carfaamir. ar.iH t etrahvHir>-pvran-4-vl ester 
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Prepared from cyclopropanesulfonic acid [14-ainino-18-(isoqumolm-l-- 
5 yloxy)-2, 1 5-dioxo-3, 1 6-diaza-tricyclo[ 143.0.0'^'^]nonadec-7-ene-4-caibonyl]-amid 
bis hydrochloride (50 mg, 0.075 mmol, 44 \iL (0.25 mmol) of DIPEA and 0.17 mL 
(0.1 mmol) of tetrahydropyran chloroformate (prepared by treating tetrahydro-pyran- 
4-ol with phosgene) in DCM as described in the procedure above to give 28 mg 
(52%) of a white solid. Preparative HPLC condition: YMC XTERRA, S5, 19x100 
. 10 mm, gradient: 50% B to 100% B, 10 min, hold 2 tnin, flow rate 25 mL/min. LC-MS 
(Method A, retention time: 3.13 min), MS m/z 724 (M^+1). 



Example 18. P reparation of Compound 15. r4-Cvclopropanesiilfonvl aminorafhnTiyl- 
15 1 8-(isoqiiin olin- 1 -vloxv)-2. 1 5-dioxo-3. 1 6-diaza-tricvclor 1 4.3 .0. 
O'**^lnonadec>7- en-14-vn-carbamic acid tetrahvdro-furan-3-vl ester 
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10 



15 



Prepared from cyclopropanesulfonic acid [14-amino-18-(isoquinolin-l- 
yloxy)-245-dioxo-3.16-dia2a-tricyclo[143.0.0''-<^n(>nadec-7-ene-4-caibonyl>^^ 
bis hydrochloride (50 mg. 0.075 nmol), 44 ftL (0.25 xmnol) of DIPEA and 0.10 mL 
(0.1 mmol) of tetrahydro-furan-3-yl chlorofonnate (prepared by Ireating tetrahydro- 
fiiran-3-ol with phosgene) in DCM as described in the procedure above to give 28 mg 
(52%) of a white sohd. Preparative HPLC condition: YMC ODS-A. S5, 30x50 mm, 
gradient: 50% B to 85% B. 8 min, hold 2 min, flow rate 45 mlAnin. LC-MS (Method 
A, retention tune: 3.05 min), MS m/z 710 (M^+1). 

Example 19, Preparation of Compound Ifi r 4-Cvclonronan esulfQnvlaminn,>arh»r,yi- 
1 8-(iso quinolin-l ■vloxvV2.1 5-dioxn-^^ 1 6-diay.a-<rir.yclori4.3.Q. 
0'*-^1nonadec-7-en-14- vn-carbamic acid isoprnpv^ ftstm- 





o. o 



Prepared from cyclopropanesulfonic acid [14-amino-18-(isoquinoIin-l- 

yloxy)-2,15Hiioxo-3,16-diaza-tricyclo[14.3.0.0*'<^noiiadec-7-ene-4-carbonyl].anude 
bis hydrochloride (50 mg, 0.075 mmol), 44 nL (0.25 mmol) of DIPEA and 0.10 mL 
(0.1 mmol) of 1 M isopropyl chlorofonnate in tohiene (Aldrich) as described in the 
20 procedure above to give 40 mg (78%) of a white solid. Preparative HPLC condition: 
YMC XTERRA, S5, 30x50 mm, gradient 50% B to 100% B, 15 min. hold 2 min, 
flow rate 40 mL/min) NMR (300 MHz, CD3OD) 5 . LC-MS (Method A, retention 
time: 3.32 min), MS mh 682 (M*+l). 
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Example 20, Preparation nf (ISAR.fiS ^^<! ^8R^.7.cif,.^4.t^AmtaxvcBA,nn^,^^r»ir.^ 

18.hYdroxv-2,15-dioxo-3.16-diazatric.Yn. Tori4.3.0.Q'''^lnonadec-7-ene-4-n^ 

acid for use in the nreparatinn r»f Compound 1 7 of Rxamp lft ?l 



OH o 



HN 



O ^ 
Example 20 



Step 20 A: Preparation of l-f2r^-tert- Rutoxvcarbonv1flrninrv.nnn,8-enovn.^/?V 
hvdroxv-PviTolidme-2r. y>-carboxv1ic acidmethvl ester 



HO 



10 




A solution of 2(5>rert.butoxycarbonylainmo-8-nonenoic acid (purchased 
from RSP Amino Acids)(3.5 g, 12.9 mmol) in 200 mL of DCM was treated 
sequentially with 4(R>hydroxypyrroUdine"2(iS).caiboxyUc acid methyl ester 
hydrochloride (2.15 g, 1 1.8 mmol), iV^methyl morpholine (4.25 mL, 38.6 mmol), and 

1 5 HATU (5.37 g, 14. 1 mmol). The reaction mixture was stirred at rt under N2 for 3 
days, and then concentrated in vacuo. The residue was partitioned between ethyl 
acetate and pH 4 buffer (biphthalate). The or^c phase was washed with sat aq. 
NaHCOa, dried (MgS04), and concentrated in vacuo to give the crude product. Flash 
chromatography (50% ethyl acetate/hexane to 100% ethyl acetate) gave 4.7 g 

20 (-100%) of l-(2(5)-tert-Butoxycaibonylamino-non'.8-enoyl)-4(i?)-hydroxy- 

pyrroIidine-2(S)-carboxyUc acid methyl ester as a colorless oil: NMR (500 MHz, 
CD3OD) 8 l,33~1.50(m, 8 H), 1.46 (s, 9 H), 1.57 (m, 1 H), L72 (m, 1 H) 2.08 (m, 2 
H), 2.28 (m, 1 H), 3.72 (s, 3 H,) 3.75-3.87 (m, 2 H), 4.36 (m, 1 H). 4.51 (bs, 1 H), 
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4,57 (t, J=8.2 Hz, 1 H), 4.95 (d, ^10.4 Hz, 1 H), 5.01 (m, 1 H), 5.83 (m, 1 H). LC- 
MS (Method A, retention time: 3,01 min), MS mfz 399 (iwr*"+l). 

Step 20 B: Preparation of l-^^l-(2^5^-fer^B^toxvc aThnny1aTn^r^ o^.non''8-enov^-4(jg)^^ 
5 hvdroxv-pwoUdine-2(iSlcarbonv 11-(1/?)-aniin o|-2(iS^-vinvl-cvclopropm^ 
acid ethyl ester 



10 2(5)-carboxylic acid methyl ester (4.7 g, 1 1 .8 mmol) was dissolved in THF (80 mL), 
methanol (20 mL), and water (40 mL). Powdered lititdnm hydroxide(5.6 g, 233 
mmol) was added. The light yellow slurry was stirred at rt under N2 for 16 h, and 
then concentrated in vacuo. The residue was partioned between ether and water. The 
ether phase was discarded, and the aqueous phase was treated with IN HCl until the 

15 pH was 4. This acidic solution was extracted with EtOAc (3x). The combined EtOAc 
extracts were dried (MgS04) and concentrated in vacuo to give 4.36 g (96%) of 1- 
(2(iS)-terr-butoxycarbonylamino-8-nonenoyl)-4(ii)-hydroxy-pyrroUdine^^ 
carboxylic acid as a white soUd. Tbis acid was then dissolved in 150 mL of DMF and 
(ljR^iS^-l-aniino-2-vinylcyclopropane carboxylic acid ethyl ester hydrochloride (2.61 

20 g, 13.6 mmol), JV-methyl morpholine (2.5 naL, 22.6 mmol), and HATU (5.2 g, 1 3.7 
mmol) was added. The reaction mixture was stirred at rt imder N2 for 16 h, and then 
concentrated in vacuo. The residue was partitioned between ethyl acetate and pH 4 
buffer (biphthalate). The organic phase was washed with sat. aq. NaHCOa, dried 
(MgS04), and concentrated in vacuo to give the crude product Flash chromatography 

25 (60%-80% ethyl acetate/hexane) gave 6.0 g (98%) of l"{[l-(2(AS)-^er/- 

ButoxycarbonyIamino-non-8-enoyl)-4(i?)-hydroxy-pyrrolidine-2(iS)carbonyl]-( 1 i?)- 
aniino}-2(»S)-vinyl-cyclopropanecarboxylic acid ethyl ester as a white solid: ^H NMR 
(500 MHz, CD3OD) 8 1.25 (t, J=n.2 Hz, 3 H), 1.33-1.80 (m, 10 H), 1.46 (s, 9 H), 



HO 




l-(2(iS)-tert-ButoxycarbonylanMno-non-8-enoyl)-4(jR)-hydroxy-pyrrolidine- 
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^09 (o. 3 H). 2.25 („, 2 H). 3.76 2 H). 4.14 2 H). 4.27 (dd. 5.2 , 

H). 4.50 ira. 2 H). 4.94 (d..^:o., Hz. , H). 5.01 (dd. .^17.1. ..8 , H). 5.1, (dd. 
^■M 1.8 „^ 1 H). 5.30 (d.^,3.6 Hz, 1 H). 5.80 2 H), 8.57 fa . H). LC^ 
(Method A, retraaon time: 3.21 min), MS »i4 522 (M*+l). 

Step 20C: Prep„r,tiw <.f fl.V4ff 'j'" lin8gV7-„:..,4.,..„-.„ f,^^.,.^j^„ 
18-hYd„>xv-2 , l.-d.(,^„-., , lfr^V^^„„„4,, n^.^_.^_^ ^ . ^ 
acid ehtvl ester 



15 



20 



HO 



10 




25 



A solution of l-{[l-(2(5)-ter/-ButoxycarbonyI.anuno.non-8.cnoyl)-4(J?> 
hydroxy-pyn:olidir,e-2(^carbonyl]-(lJ?).annno}-2(5>vinylc^^^^ 
acid ethyl ester (800 mg, 1 .53 nnnol) in 2 L of methylene chloride was flushed with 
N2 for 0.5 h. Then tricyclohexylphosphine[l,3-bis(2.4.6-trimetfayl-phenyl)-4 5- 
dihydroimidazol-2-ylidene][benzyIidene]-m1henium (IV) dichloride (Strom) (64 mg 
0.075 mmol) was added, and the mixture was flushed with for another 1 0 min. 
The Ught orange homogeneous solution was refluxed for 2 h to give a dark orange 
solution. The reaction mixture was cooled to rt and concentrated in vacuo to give an 
orange oiL Flash chromatography (ethyl acetate) gave 460 mg (61»/„) of 

(lJ.4/e,65.14^J8i?).7-czs-14-tert-butoxycarbonylamino-I8-hydroxy-2 15-dioxo- 
3,16.dia2atricyclo[14.3.0.0^.«]-nonadec-7-ene-4-carboxylic acid ethyl ester as agray 
soUd.iHNMR(500MHz,CDCl3)6l.l9(t,y=7.2Hz,3H). 1.42(s.9H), 1.22-1 8 
(m, 8 H). 1.87 (m, 2 H). 2.03-2.22 (m, 4 H). 2.63 (m, 1 H). 3.65 (m, 1 H), 4.09 (m 3 
H). 4.45 (m. 1 H), 4.56 (s. 1 H). 4.82 (m, 1 H), 5.23 (m, 1 H). 5.51 (s. 1 H). 7.16 (s, 1 
H). LC-MS (Method A. retention time: 2.97 min), MS m/z 494 (M*+l). 
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dioxo-3,16-diazatrioYclon4 ^ 0 Q^.^ nonade..7-...-^^„^^^, .H, 

HO 



10 



15 



20 




OH 



25 



To a solution of (lJ,4i?,6^.145j82e).7^,s-14-/e,.-l„xtoxycarbony 
hydroxy-2J5-dioxo-3.16-diazatricyclo[14.3.0.0^.'l-„onadec.^^^ 
ethyl ester (493 mg, 1 .0 nunol) in TOF (4 mL). methanol (1 mL). and water (2 mL) 
was added powdered lithium hydroxide(480 mg. 20 mmol). and the light yellow 
slurry stirred at rt under N. for 1 6 h. Tlae mixture was then concentrated in vacuo and 
the residue partioned between ether and water. The ether phase was discarded, and 
the aqueous phase was treated with 1 N HCl untU pH 4. Hus acidic sohxtion was 
extracted with EtOAc three times. The combined ElOAc exbacts were dried 
(MgS04) and concentrated in vacuo to give 460 mg (98%) of Example 26 
(15.4/2,6544^,18i?)-7-czs-14-.e./-butoxycaxbonylamino-18-hydroxy-^^ 
3,16-dia^tricycIo[14.3.0.0^-«]-nonadec-7-ene.4^oxyIic acid as a gray solid 'H 
NMR (500 MHz, CD3OD) 8 ppm 1.26 (t. ^7.2 Hz. 3 H). 1.35-1.52 (m. 15 H). I 57- 
1.68 (m, 3 H). 1.79 (m, 1 H), 2.04 (m. I H). 2.16-2.41 (m. 3 H), 3.80 (dd,.^10 7 4 3 
Hz, 1 H). 3.88 (m, 1 H), 4.38 (dd, ^.9, 3.1 Hz. 1 H), 4.55 (m, 2 H), 5.39 (t. J^'.8 
Hz. 1 H). 5.58 (m, 1 H). LC-MS (Method A. retention time: 2.64 min). MS m/z 466 
(M^+1). 

B2camBle21, Preparation of P^mpound 17BT4.rw.,.^.p,^^,wt.n,,n..,^»^,., 

1 8-(-6-methoyy-isoquinolin-1 -vloxv^-7. 1 S-Hi p xp.^. 1 

■ tricyclof 14.3 0 0^-^1nonad ec-7-en-1 4- v1 1-carh«n„V. ...M ..^_k,^ . 
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10 




To a mixture of 4-tert-butoxycarbonylammo-18-hydroxy-2.15^oxo-3,16- 
diaza-tricyclo[14.3.0.0^'«^nonadec-7-ene-t-carboxylic acid (215 mg. 0.46 mmol) in 
DMSO (5 mL) was added /-BuOK (125 mg, 1.11 mmol) and l-chloro-6-methoxy- 
isoquinoline (110 mg, 0.56 mmol). The reaction was stirred for 16 h at rt. The 
reaction mixture then was partitioned between ether (10 mL) and water (10 mL). The 
aqueous phase was acidified to pH 4 using 1 N HCl. The resulting solution was 
extracted with EtOAc (3 x 20 mL). Hie combined EtOAc extracts were dried 
(MgS04), filtered, and concentrated in vacuo to give a white solid. Flash 
chromatography (2% MeOH/CHaCla) gave 140 mg (49%) of the carboxylic acid 
derivative as a white solid. LC-MS (Method B, retention time: 1.80 min), MS m/z 
543 (M"+I). The above solid (140 mg. 0.22 mmol) was treated with 
cyclopropylsulfonamide (35 mg. 0.28 mmol) as described in the general procedure 
15 above to give the crude product Flash chromatography (2% MeOH/DCM) gave 90 
mg of the desired product. Further purification by preparative HPLC (YMC Xteira. 
S5, 30 X 50mm, 50% to 100%B, gradient 9 min. hold 1 min. flow rate 40 mL/min ) 
gave 30 mg (19%) of the product as a white powden LC-MS (Method B, retention 
time: 1.86 min), MS m/z 726 (M*^+l). 

20 

Example 22. Preparation of l-^^4-ffi-M«tl^n xv-isom1mo1m-1-vloxvVp vr^^1,•Hir.^-?- 
pa^bonyl^-am^no}-?,-vinyl-cycloDroT1anecaAo^vlir■ ar i d etfavl ester ^as bis HCl saIA 
use in Examp le OA 
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H O 



2HCI 
Example 22 



il 



Prepared utilizing Ihe same synliietic sequence employed for the preparation of the 
product of Step 2B of Example 3 except 6-Methoxy-l^hloroquinoline (described in 
5 Example 1, eg. Step la and Step lb) was used in place of 1-chloroquinoline. 



Example 23, Pr^pargtiop of Rxamnle 23 . 2r.S^-t«f.w»^ v^„„^,„^,..^,,^_, . 

enylsulfanvlDTOPionir. aoi d for ma in R yamp]» OA 



10 




step 2 

UOH.TH F HNI.( 

''>-i ^■ 



Example 23 



15 



20 



step 1: To a sohition of iV-Boc-cysteine methyl ester (3.36 g, 0.014 mol) in 
methanol (166 mL) at RT was added, trielhylamine (10.8 mL) and 1 -bromopent-4-ene 
(3.19 g, 21 mmol, 1.5 equivalents) and tiie resulting solution was stirred at room 
temperahire overnight The mixture was then concentrated in vacuo and the resulting 
residual mixture was purified using flash chromatography (hexane. ethyl acetate 
gradient) to provide 1.76 g (41%) of the desired fliioeflier. NMR (500 MHz. 
CDCI3) 5 1.43 (s. 9H). 1.64 (m, 2H). 2.1 1 (m. 2H). 2.51 (m. 2H). 2.95 (m, 2H)', 3.75 
(s, 3H). 4.51 (m, IH), 4.95-5.03 (m. 2H). 5.34 (m. IH), 5.80 (IH, m). LC-MS 

(MelhodB, except gradienttimewasSmin., and flowratewas4ml/min. retention 
time: 2.29 min), MS m/z 304(M*+1). 
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Step 2: The thioether product of step 1 (9.51 g, 31.4 mmol) was added to a 
mixture of IM LiOH in water (200mL) and THF (200mL) and the resulting mixture 
was stirred at room temperature overnight The reaction mixture was then acidified 
using IN hydrochloric acid and the resulting mixture was extracted several times 
5 with ethyl acetate. The extracts were combined, dried over magnesium sulfite, and 
concentrated in vacuo to provide (he desired acid which was used as is in the next 
reactioa 

Example 24, Preparation ofComna^nci 1 r^r ^.cionron;.n.,^,l 
^® 18-(6-methoxy-i soquinoliTi - 1 -vloxvV2 1S-H.oxo.l2-thia-31fi-H,a^ 

a-tricyclori4.3.0.0^-^1nonadec-7-en-14-Yl]-caibam.c aniri W-h„fyi ^^^^ 



15 




Compound 18B 



Step 24 A, Preparation of l-fri-f2-tert-B..tnwr.p r boDvlani,r,o-^-pent-4-envl>n,lfanvi- 
l»roDionvn -4-('6-methoxv-isoouiTiolin-l -vlmr 

y)-pYrrolidine-2Harbonvll-aniino>-2.vinvl-rvrl o nron«,eP.arhnvvlic acid ethvl P^^r 




H 
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To a solution of the caiboxjdic acid of Exanqjle 23 (289 mg, 1.00 mmol, 1 eq) in 
DMF (9 mL) was added sequaitiaUy flie dipeptide product of Bcample 22 (498 mg, 
1.00 mmol, 1 eq), HATU (456 mg, 1.20 mmol, 1.2 eq). and N-methyl moipholine 
(385 iiL, 3.50 mmol, 3.5 eq). The solution was allowed to stir at room tenq>erature 
overnight, at whicsh time LOMS indicated the formation of product and 
disappearance of starting material 2. A pH 4 buffer sohxtion was added, and tbe 
mixture extracted three times with eliiyl acetate. The organic layers were washed 
with brine, dried over magnesium sulfete, and concentrated in vacuo. 
Chromatography was performed (SiHca Gel, Ethyl acetate/Hexane gradient) to obtain 
pure tripeptide 3 in quantitative yield. 

'H NMR (400 MHz, CDC13) 5 8.03 (d,J= 9.3 Hz. IH). 7.89 (d. ^ = 5.9 Hz, IH), 
7.56 (br s. IH), 7.15-7.09 (m. 2H), 7.01 (d, J= 2.5 Hz, IH), 5.86-5.68 (m, 3H), 5.39- 
5.22 (m, 2H), 5.12-4.82 (m, 4H), 4.61 (app q, y= 6.8 Hz, IH), 4.24-4.04 (m, 3H), 
3.91 (s. 3H), 3.02-2.90 (m. IH), 2.84-2.69 (m, 2H), 2.66 (m, 3H), 2.24-2.08 (m, 2H). 
1.88 (dd, J= 5.5, 8.0 Hz, IH), 1.68 (app quint, 7= 7.5 Hz, 2H), 1.56 (dd, 5.4, 9.5 
Hz, IH), 1.42 (m, IH), 1.31 (s, 9H), 1.27-1.20 (m, 4H).[m/z] + H 697. ERRA 3.0 X 
50mm S7 retention time = 1.937 min, HPLC method 2 min gradient 0%B to 100%B, 
then 1 min at 100%B (3 min total run time) 

Step 24 B, Preparation of 14-tert-Rutoxvcarhonv1aTpiTio-l»- ( 6-methoxv-isoauinQlm- 
l-vloxvV2.15-dioxo-12-thia-3.16-diaza-tricv 
clori4.3.0. 0'*'^1nonadec-7-ene-4-caifaoxvlic acid ethvl ester 




H 
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To a solution of tripeptide predict of Step 24A (384.6 mg. 553 Mxtiol, 1 eq) in 
dichloroethane (159 mL) was added tricyclohexyIphosphine[1.3.bis(2A6- 
trimetliylphenyl)-4,5-dihydroimida2ol-2. 

ylidene[benzylidine]ruthemiim(lV)dichloride (48.5 mg. 57 jimol. 0.10 eq) and 
5 refluxed for 16 h. The reaction was concentrated in yacuo. Chromatography was 
perfonned (SiUca Gel, Ethyl acetate/Hexane gradient) to obtain pure macrocycle, in 

73% yield. 

IH NMR (500 MHz, CDC13) 6 8.04 (d, J= 9.2 Hz. IH). 7.86 (d, y= 5.8 Hz IH) 
7.59 (br s, IH), 7.16-7.09 (m, 2H), 7.00 (d. 2.4 Hz. IH). 5.78-5.71 (m, IH). 5 64' 
(d, J= 1.6 Hz. IH), 5.58-5.50 (m, IH), 5.36 (m. IH). 5.03 (dd. J= 4.2. 8.3 Hz. IH) 
4.81-4.75 (m. IH), 4.27-4.14 (m. 2H). 3.98-3.93 (m, IH). 3.91 (s. 3H). 3.13-3.02 (m,' 
2H), 3.00-2.94 (m. IH), 2.69 (dt. J= 3.9. 1 1 .2 Hz, IH). 2.52-2.42 (m, 2H). 2.36-2 26 
(m, 2H), 2.16-2.08 (m, IH), 1.96 (dd. J= 5.5. 8.2 Hz, IH). 1.86-1.76 (m. IH) 1 68- 
1.58 (m, 2H). 1.37 (s. 9H). 1.29 (t,y=7.2 Hz. IH). 1.27-1.21 (m. IH). 
15 [m/z] + H 669 

XTERRA 3.0 X 50nm, S7 retention time = 1 .797, HPLC method 2 min gradient 0%B 
to 100%B, then 1 min at 100%B (3 min total run time) 

Step 24 C, Preparation of 1 8A, 14 - fer t-Butaxvr.«rhnnY laminn-l«.rfi-n,.tH»^y_ 

20 isoquinolm-l-yloxy)-2,15-dioxo-1?-thia-3,16-Hi...-Hr^. y clon4.^ n n^.y ^.^.. n 
ene-4-carhnxvlic acid 



10 




.0°=/ o 



H 

Compound 18A 
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To a solution of the macrocycle ester product of Step 24B (271 mg. 406 mnol, 1 eq) 
in THF (4.1 mL) was added LiOH (97 mg. 4.04 mmol, 10 eq). water (0.45 mL ). and 
MeOH (1.9 mL). The reaction was aUowed to stir for 16 h, at which time LC/MS 
indicated the hydrolysis was complete. A 1 M solution of HCl in water was added, 
5 and the resulting mixture was extracted 3 times into ethyl acetate. The organic 
extracts were washed with brine, dried over magnesium sulfete, and concentrated m 
vacuo to provide pure carboxylic acid m quantitative yield. 

NMR (400 MHz, DMS0-d6) 6 12.50 (br s. IH), 8.59 (br s. IH), 8.22 (d, /= 7.8 
Hz, IH), 8.14-8.07 (m, IH). 7.46 (br s, 2H). 7.33-7.25 (m, 2H), 5.95 (br s, IH), 5.79- 
5.56 (m, 2H), 4.66-4.57 (m, IH), 4.50-4.37 (m, 2H), 4.24-4.11 (m, 2H), 4.05 (s, 3H). 
3.60-3.40 (m, 2H), 3.09-2.97 (m, IH), 2.91-2.81 (m, IH), 2.65-2.58 (m, IH). 2.56-' 
2.44 (m, 2H). 2.44-2.33 (m. IH). 1.84-1.73 (m, IH), 1.72-1.57 (m. 2H), 1.34 (s, 9H), 
1.08-0.95 (m, IH). 
[m/z] + H 641 

15 XTERRA 3.0 X 50mm S7 retention time = 1.673, HPLC method 2 min gradient 0%B 
to 100%B, then 1 min at 100%B (3 min total run time) 

Step 24D, Preparation of Compound 18 B. r4-Cvclonmpanesulfonvlai,iinocarbnr.vl- 
18-(6-methoxv-isocniinolin-l.vloxvW.,1 5-dioxQ-T2-thia-3.16-dia7: 
20 a-tricvclori4.3.0.0^'<'lnon^P.r-7-en-14-vl] -P.ar bamic acid tfvrf-hnty l ^ct^^ 



10 




I 0°=/ O ""'(, ^ 
Compound 18B 

To a solution of the carboxylic acid product of Step 24 C(236.3 mg, 369 |imol, 1 eq) 
25 in THF (5.2 mL) was added carbonyl diimidazole (143 mg, 738 nmol, 2 eq) and 
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refluxed for 2.5 h. The solution was cooled to room temperature, at which time 
cyclopropyl sulfonamide (158 mg, 1.1 mmol. 3 eq) and DBU (127 piL, 849 pmol 2 3 
eq) were added. The reaction was allowed to stir at room temperature for 16 t A 
IM solution of HCl in water was added, and the product was extracted three times 
5 mto methylene chloride. The organic layers were wa^ed with brdne. dried over 
rnagnesium sulfete, and concentrated i„ .acuo. Chromatography was performed 
(Sxhca Gel. Ethyl acetate/Hexane gradient) to obtam pure sulfonamide Compound 1 8 
in 78% yield. F "auxo, 

'H NMR (400 MHz, CD30D) 6 8.10 (d, y= 9.3 Hz. IH). 7.89-7.83 (m, 2H), 7.21 (d, 

10 '^=5-9Hz.lH).7.13(brs.lH).7.05(d.y=9.1Hz,lH),5.81(brs.lH).5.68(appq 
J- 8.9 Hz, IH). 5.16 (app t, J= 9.7 Hz. IH), 4.59-4.52 (m. 2H). 4.40^.32 (m, IH) 
4.12-4.04 (m, IH). 3.89 (s. 3H), 2.98-2.78 (m. 3H). 2.73-2.41 (m. 6H). 2.02-1.98 (m 
IH). 1.75 (dd, y = 5.5. 8.2 Hz. IH). 1.71-1.53 (m. 3H). 1.32-1.20 (m, IH). 1.16 (s' 
9H), 1.14-0.95 (ni.2H). ^ * 

15. [m/z] + H744 

XTERRA 3.0 X 50mm.S7 retention time = 1 .700. HPLC method 2 min gradient mB 
to 100%B, then 1 min at 100%B (3 min total run time) 

Example 25, PreparRtion of rnn,nn,md 1 Q 4.r..i.p ,.^.^.,,,fo„,,,^,„_,^_^, 
^° 18-(6-methoxv-isoQuinn1.n.1 -Y toxyV? 17 19 1 5-tetraoxn-1 9- 

thia.3,16-dia7^-frirYrlorH 3 0 (^'^'^no.^...l^r..^A.y.^..^^,,_ ,,^.^„^,^ 



ester 
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To a solution of Compound 18 (84.7 mg, 114 junol) in MeOH (1.4 mL) and water 
(460 ML) at 0 »C was added oxone (210.6 mg. 343 Mmol. 3.0 eq). The mixture was 

stirred for 20 min at 0°C. then allowed to stir for 3 hat ambient temperature. Water 
and methylene chloride were then added, and the layers separated. The aqueous layer 
was extracted twice more wi& methylene chloride. The combined organic layers 
were dried over magnesium suJfete and concentrated in vacuo. The product was 
purified by prep TLC (ethyl acetate) to afford the sulfone (37.2 mg, 42% yield). 
'H NMR (CD30D) 5 8.1 1 (d, J= 9.5 Hz, IH). 7.88 (d, 6.1 Hz, IH). 7.23 (d, J= 
5.8 Hz, IH). 7.20-7.15 (m, IH), 7.11 (dd, J^= 1.8, 8.9 Hz, IH). 5.87-5.81 (m, IH), 
5.61-5.47 (m, 2H), 4.96-4.90 (m, IH). 4.67 (t. J= 7.8 Hz, IH). 4.46-4.39 (m, IH), 
4.27-4.20 (m, IH), 3.92 (s. 3H). 3.84-3.72 (m, IH). 2.94-2.84 (m, 2H), 2.67-2.58 (m. 
2H), 2.47-2.37 (m, IH), 2.37-2.25 (m, 2H), 1.85-1.73 (m, 2H). 1.72-1.64 (m, IH), 
1.49-1.38 (m, IH), 1.20 (s. 9H), 1.16-1.02 (m, 3H), 1.00-0.82 (m, 3H). 



15 



Example 26. Preparation of Compni md 27and ronmomid 2« 



20 




/ Compound 27 




O 




Compound 28 



25 



Step 26 A: Preparation of Isopropvl pviTQlidin-5-one-.2rsVcarhnvY ^afi> 



H & 
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A solution of L-pyroglutamic acid (Aldrich, 25.0 g, 195 mmol) and paia- 
tohiene^fonic acid mono hydrate (3.71 g. 19.5 mmol) was reflnxed in isopropanol 
(40 mL) Tmder nitrogen for 6 hours using a Dean-Stark trap variation (condensate 
returned throughaSoxhIet«ctractorfiUedwith4A molecular sieves). After cooling 
to room temperature, the reaction was diluted with ether, washed with saturated 
aqueous sodium ttcaibonate and then saturated aqueous NaCI, dried (MgS04) and 
evaporated to give a colorless syrup. It crystallized upon setting. Triturating the 
crystalline residue in hexane provided 31.9 g (96%) of isopropyl pyxrolidin-5-one- 
2(S>caiboxylate as white prisms: 'HNMR (300 MHz. Chloroform-D) 5 6 35 (br s 1 
H), 5.04 (sept 1 H. J = 6.2 Hz), 4.18 (dd, 1 H, J = 8.4. 5.3 Hz). 2.51-2.28 (m. 3 H) ' 
2.27-2.12 (m. lH),l^(d, 6 H,J= 6.2 Hz). LCMS m/z 172 (M+H)*. 

^^repan,tipn of Tsopropyl l-ftnt-butnvw.,.K»n..V T,^»,^^,-„.,^„^,^^^_ 



20 



25 



30 



35 



A solution of isopropyl pyrioKdin.5.oiie.2(S).carboxylate (product of step 
26A, 31.9 g, 188 mmol), di-tert-butyl dicarbonate (48.6 g, 225 mmol) and DMAP 
(2.30 g, 8.8 mmol) in acetonitrile (300 mL) was stirred at room temperature under 
for 30 minutes. The reaction was evaporated to about 100 mL, diluted witii ether 
i^^hed with IN HCl flien saturated aqueous NaCI. dried (MgS04) and evaporated to 
give isopropyl l-(tert.butoxycaibonyI)pyrrolidin-5.one.2(S) caiboxylate as a light 
yeUowoiI.50.1g(99%): 'HNMR(300MHz,ChIoroform.D)65.06(sept. 1 H, J = 
6.2 Hz), 4.53 (dd, 1 H, J = 9.5. 2.9 Hz). 2.66-2.40 (m. 2H). 2.3^2.22 (m, 1 H). 2 03- 
1 .93 (m. 1 H), 1 .47 (s, 9 H). 1.26 (d, 3 H. J = 6.2 Hz), 1 .24 (d, 3 H, J = 6.2 Hz). 
LCMS m/z 272 (M+H)"^. 



1 
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HO 

HN 



25 



30 



35 



40 



To a solution of isqpropyl l-(tert.butoxycaxbonyl)pyrn>lidin.5.oiie-2(S)- 
carboxylate (product of step 26B. 49.5 g, 1 83 mmol) in methanol (300 mL) was 
added sodium borohydride (10.0 g. 263 mmol) in ~I g portions over 1 .5 hours Ihe 
5 reaction was stirred under nitrogen for another 10 minutes. It was dfluted with water 
extracted with ether, combined organic fractions washed with saturated aqueous 
NaCl, dried (MgS04) and evaporated to give a light yellow oU. Flash 
chromatography (siUca gel, 20-30o/o ethyl acetate/hexane) gave 31.8 g (64%) of 
isopropyl 2(S)-(tert.butoxycarbonyIamino)-5-hydroxypentanoate as a colorless syrup- 
H NMR (300 MHz, Chloroform-D) 6 5.16 (br d. 1 H, J = 7.3 Hz), 5.03 (sept. 1 H J 

- 6.2 Hz), 4.28 (br d. 1 H. J = 6.2 Hz). 3.67 (br dd. J = 10.2. 5.5 Hz), 1.9^1.79 (m. 

2 H), 1.76-1.67 (m, 1 H), 1.66-1.56 (m. 2 H), 1.43 (s. 9 H). 1.25 (d, 3 H, J = 6:2 Hz). 

1.23 (d. 3 H, J = 6.2 Hz). LCMS m/z 276 (M+H)\ 

Step26D: Preparation of TsoDronvl.S-»liy ioxv.2<-SWt«f- 
butoxvcarhofi ylaminnV .nfa„7;y i^-i-£-i_i_ 

o I 

HN^O 

A degassed mixture of isopropyl 2(SHtert.butoxycaibonylamino>5- 
hydroxypentanoate (product of step 26C. 1 7.6 g. 63.9 mmol), ally! methyl carbonate 
(24.0 ml, 213 mmol), Pd2(dba)3 (1.62 g. 1.78 mmol) andBINAP (4.42 g. 7.10 mmol) 
in THF (150 mL) was refluxed under nitrogen for 3 hours. After cooling to room 
temperature, the reaction was diluted with ether, filtered through ceUte and 
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10 



15 



20 



evaporated giving a dark brown syrup. Flash chromatography of the residue (silica 
gel, 30% ether/hexane) gave isopropyl 5-allyloxy-2(S)-(tert- 

butoxycarbonyIamino)pentanoate as a viscous colorless oil, 16.3 g (81%): NMR 
(300 MHz, Chlorofonn-D) 5 5.88 (ddt, 1 H, 17.4, 10.4, 5.5), 5.28 (m, 1 H), 5.22-5.1 1 
(m, 1 H), 5.02 (sept., 1 H, J = 6.2 Hz), 4.21 (br t, 1 H, J = 6.7 Hz), 3.94 (dt, 2 H, J = 
5.9, 1.5 Hz), 3.42 (t, 2 H, J = 5.9 Hz), 1.90-1.82 (m, 1 H), 1.75-1.57 (m, 3 H), 1.42 
(s, 9 H), 1.21 (d, 3 H, J = 6.2 Hz), 1.19 (d, 3 H, J = 6.2 Hz). LCMS m/z 316 (M+H)^ 

Step 26E: Preparation of 5-Allvlo xv-2rSWtert-butoxvcarbonvlamino)pentanoic acid 



A mixture of isopropyl 5-allyloxy-2(S)-(tert- 
butoxycarbonylamino)pentanoate (product of step 26D, 16.1 g, 51.1 mmol) and 
lithium hydroxide hydrate (4. 1 9 g, 102 mmol) in THF/water (100 mU 20 mL) was 
stirred at room temperature under nitrogen for 16 hours. The reaction was diluted 
with water, washed with ether, pH of aqueous fraction adjusted to --4, extracted with 
ether, combined organic fractions washed with saturated NaCl, dried (MgS04) and 
evaporated giving 5-allyloxy-2(S)-(tert-butoxycarbonylamino)pentanoic acid as a 
Ught yellow syrup: ^H NMR (300 MHz, Chloroform-D) 5 5.89 (ddt, 1 H, J = 17.4, 
10.4, 5.5), 5.25 (dd, 1 H, J = 17.4, 1.6 Hz), 5.17 (dd, 1 H, J = 10.4, 1 .6 Hz), 4.30 (br 
d, 1 H, J = 6.2), 3.96 (dt, 2 H, J = 5.9, 1.5 Hz), 3.46 (t, 2 H, J = 5.9 Hz), 1.96-1.86 
(m, 1 H), 1.85-1.77 (m, 1 H), 1.75-1.64 (m, 2 H), 1.43 (s, 9 H). LCMS m/z 274 
(M+H)^. 





Step 26F Prepar ation of l-iri"^^"Allvloxv-2-tert-butoxvcarbonvlamino-pentanovn-4- 
35 f6-methQxv-isQquino1in -l-.vloxvVpvrroHdine-2-carbonv1]-amiTio>-2-^ 
cvclopropanecarboxvlic acid ethvl ester 
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5 A solxition of l-{[4<6-Methoxy-isoqiiinolin-r-yloxy)-pym>lidme-2- 

caibonyl]-amino}-2-vmyl-cyclopropanecaiboxylic acid ethyl ester dihydrochloride 
(Example 22)(3.60 g, 7.25 mmol) and 5-allylQxy-2-tert-butoxycarbonylammo- 
paitanoic acid (the product of step 26E, 1.98 g, 7.25 mmol) in 75 ml of DMF was 
treated with HATU (3.31 g, 8.7 mmol) and N-methyhnoipholine (2.79 ml, 25.4 
10 mmol). The reaction mixture was stirred at rt mider N2 for 4 h, and thrai quenched 
with pH 4 buffer (biphthalate). The resulting mixture was extracted with EtOAc. 
The organic phase was washed with sat aq. NaCl, dried (MgS04), and concentrated 
in vacuo to give the crude product. Flash chromatography (silica gel, 10-60% ethyl 
acetate/hexane) gave 3.91 g (-79%) of l-{[l-(5-Allyloxy-2-tert- 

15 butoxycarbonyIamino-pentanoyl)-4-(6-methoxy-isoquinolin-l-yloxy)-pyrrolidine-2- 
cari)onyl]-amino}-2-vinyl-cyclopropanecaiboxylic acid ethyl ester as a yellow 
collapsed foam: *H NMR (500 MHz, METHANOL-D4) 8 1.05-1.16 (m, 1 H). 1.32 
(s. 9 H), 1.37-1.50 (m, 3 H), 1.51-1.67 (m, 3 H), 1.68-1.84 (m, 2 H), 2.17-2.30 (m, 1 
H), 2.32-2.50 (m, 1 H), 2.58-2.73 (m, 1 H), 2.80 (s, 1 H), 3.33-3.52 (m. 2 H), 3.86- 

20 3.95 (m, 5 H), 4.00-4.06 (m, 1 H), 4.07-4.22 (m, 3 H). 4.23-4.38 (m, 1 H). 4.58-4.67 
(m, 1 H), 5.04-5.17 (m, 2 H), 5.18-5.34 (m. 2 H), 5.65-5.94 (m, 3 H), 7.07-7.28 (m. 3 
H), 7.82-7.92 (m, 1 H), 7.96-8.13 (m. 1 H). LC-MS (Method B, retention time: 1.75 
min), MS m/z 681 (M*+l). 
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Step 26G: Preparation of 14-tert-B utoxvcarbQnvlaniinn-1«-(6-meihoxv- isQquinnlin 
caifaoxvlic acid ethvl ester 

/ 




5 

A solution of l-{[l<5-AUyloxy-2-tert-butoxycarbonylaimno-pentanoyl)-4-(6-- 
methoxy-isoquinolin-l-yloxy)-pyrroUdine-2-caibonyl]-amin 
cyclopropanecarboxylic acid ethyl ester (the product of step 26F, 2.0 g, 2.94 mmol) 
in 800 ml of benzene was treated with Gmbb's second generation catalyst (375 mg, 

1 0 0.44 mmol). The reaction mixture was heated to 50° C, stirred under N2 for 2h, and 
then concentrated m vacuo. Flash chromatography (silica gel, 25-100% ethyl 
acetate/hexane) and treatment with activated carbon gave 677.6 mg (-35%) of 14- 
tert-butoxycarbonylamino- 1 8-(6-methoxy-isoquinoKn- 1 -yloxy)-2, 1 5-dioxo- 1 0-oxa- 
3,16"diaza-tricyclo[14.3.0.0'*'^]nonadec-7-ene-4-carboxylic acid ethyl ester as a 

1 5 brown coUapsed foam: NMR (500 MHz, METHANOL-D4) 5 1 .06-1 .30 (m, 12 
H), 1.51-2.03 (m, 6 H), 2,41-2.70 (m, 3 H), 3.39-3.50 (m, 1 H), 3.51-3.61 (m, 1 H), 
3.77-3.87 (m, 1 H), 3.92 (s, 3 H), 4.02-4.18 (m, 3 H), 4.24 (d, ,^.41 Hz, 1 H), 4.36- 
4.48 (m, 1 H), 4.55 (d, ..^1 1.29 Hz, 1 H), 4.65 (t, .^8.39 Hz, 1 H), 5.55-5.72 (m, 2 
H), 5.85 (s, 1 H), 7.08 (d, J^8.85 Hz, 1 H), 7,17 (s, 1 H), 7.24 (d, J^5.80 Hz, 1 H), 
20 7.89 (d, ^5.80 Hz, 1 H), 8.16 (d, J=9.16 Hz, 1 H). LC-MS (Method B, retention 
time: 1.58 min), MS nt/z 653 (M^+1). 
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Step 26H, Preparation of ComDoimH 97 , i 4-tert-Butoxw.aAonvl>m,inn.l 
methoxY-isocpiinoltn.1-vloxvV2l^^i^^ o,10.oxa.^,lfi^,-^^^. 
tricvclon 4.^ 0 n^-^]nnnadec-7-Bn,^- qarboxvlic arirf 



10 



15 




To a solution of 14-tert-butoxycarbonylamino.l8-(6-metiioxy-isoquinolin-l- 
yloxy)-245-<iioxo-10-oxa-3J6-Kiiaza-tricyclo[14J.0.0'''«]nonadec.7-ene-4Kaiboxylic 
acid ethyl ester (the product of step 26G, 667 mg, 1.02 mmol) in 25.7 ml of THF was 
added 2.9 ml of water, 1 1 .4 ml of methanol, and powdered lithium hydroxide (489 
mg, 20.4 mmol). The reaction mixture was stirred at rt for 6 h, and then concentrated 
in vacuo. The residue was partitioned between ethyl acetate and 20.4 ml of 1 N aq. 
HCl. To the resulting solution was added pH 4 buffer (biphthalate). The organic 
phase was washed with water, sat. aq. NaCl, dried (MgS04), and concentrated in 
vacuo to give the crude product. Flash chromatography (silica gel, 0-10% 
methanol/chloroform) gave 446 mg (-70%) of 14-tert-butoxycarbonylamino.l8-(6- 
methoxy-isoquinolin- 1 -yloxy)-2. 1 5-dioxo- 1 0-oxa-3, 1 6-diaza- 
20 tricyclotl4.3.0.0'*'<inonadec-7-ene-4-carboxy]ic acid as a slightly pink coUapsed 
foam: 'H NMR (500 MHz, METHANOL-D4) 5 0.99-1.16 (m, 1 H), 1.22 (s, 9 H), 
1.50-2.04 (m, 6 H), 2.40-2.73 (m, 3 H), 3.41-3.50 (m, 1 H), 3.51-3.62 (m, 1 H), 3.73- 
3.86 (m, 1 H), 3.90 (s. 3 H), 4.03 (d, .^=10.52 Hz. 1 H), 4.21 (d, ^=8.31 Hz, 1 H), 
4.42-4.72 (m, 3 H). 5.65 (s, 2 H). 5.82 (s, 1 H), 7.06 (d, J=9.Q5 Hz, 1 H), 7.15 (s, 1 
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H), 7.22 (d, ^5,87 Hz, 1 H), 7.87 (m, J=9.29 Hz, 2 H), 8.14 (d, J^8.56 Hz, 1 H). 
LC-MS (Method B, retention time: L46 min), MS m/z 625 (M^+1). 

Step 26L Preparation of Co mpound 28. f4-Cvclopropanesulfonv 1aTninnrarhnTi Yl,l 
5 f6-metfaox v-isoquinolin-l-vloxvV2,15-dioxo-10~oxa-3J6-diaza- 

tricvclori4.3.0.0^' ^lnonadec-7-en-14>vl]-c arhaTnic a cid tert-butvl ester 




Compound 28 

10 

A solution of 14-tert-butoxycarbonylamino-18-(6-methoxy-isoquinolin-l-- 
yloxy)-2, 1 5-dioxo- 1 0-oxa-3, 1 6-diaza-tricyclo[ 1 4.3.0.0'**^]nonadec-.7-ene-4-carboxylic 
acid (the product of step 26H, 146,5 mg, 0.235 mmol) and carbonyldiimidazole (76 

15 mg, 0,47 mmol) in 5 ml of THF was stirred at reflux under N2 for 2 h, and then 

allowed to come to rt. To the reaction mixture was added cyclopropanesulfonic acid 
amide (86 mg, 0.71 mmol) and l,8-diazabicyclo[5.4.0]undec-7-ene (81 pJ, 0.54 
mmol). The reaction mixture was stirred at rt imder N2 for 4 h, and then quenched 
with pH 4 buffer (biphfhalate). The resulting mixture was extracted with EtOAc. 

20 The organic phase was washed with sat. aq. NaCl, dried (MgS04), and concentrated 
in vacuo to give the crude product Flash chromatography (silica gel, 0-8% 
methanol/chloroform) gave 1 1 1 .7 mg (-65%) of [4- 

Cyclopropanesulfonylaminocarbonyl-18-(6-methoxy-isoquinolin--l-yloxy)-2,15- 
dioxo-10-oxa-3,16-diaza-tricycIo[14.3.0.0'*'^nonadec-7-en-14-yI]-carbamic acid tert- 
25 butyl ester (compound 27) as a white powder: ^H NMR (500 MHz, METHANOL- 
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D4) 5 0.96-1.17 (m, 6 H), 1.20 (s, 9 H), 1.24-1.32 (m, 1 H), 1.49-1.64 (m, 2 H), 1.65- 
1.79 (m, 2 H), 1.79-2.06 (m, 2 H), 2.45-2.60 (m, 1 H), 2.62-2.76 (m, 2 H). 2.86-2.98 
(m, 1 H), 3.47-3.61 (m, 2 H), 3.62-3.73 (m, 1 H), 3.92 (s, 3 H), 4.00 (d, ^10.38 Hz. 
1 H), 4.18 (d. ^10.99 Hz, 1 H). 4.55-4.72 (m, 3 H), 5.44 (t, .^^9.92 Hz, 1 H), 5.69- 
5 5.78 (m, 1 H), 5.86 (s, 1 H), 7.07 (d, J=im Hz, 1 H), 7. 17 (s, 1 H), 7.24 (d, J^5.80 
Hz, 1 H), 7.85-7.95 (m. 2 H), 8.18 (d, ^.85 Hz, 1 H). LC-MS (Method B, retention 
time: 1.52 min), MS m/z 728 (M*"+l). 



Preparation of Compound 61 

10 



/ 
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The preparation of Compoxind 61 was canied-out as shown m the above scheme and 
using procedures outlined below: 

Preparation of Example 28 : 
5 Example 28 was prepared by adding a DMF solution of N-trityl protected threonine 
to a DMF solution of sodium hydride cooled to -15 C. The reaction mixture was 
stirred for 30 minutes at -15 C after which 5-bromo-l-pentene was added and the 
resulting mixture was warmed to -5 C. The reaction mixture was maintained at -5 C 
for 3 days after which time the reaction was quenched by the addition of IN aqtieous 
10 HCl and worked up using standard extraction procedures as described above. 
Example 28 was obtained in pure form by standard chromatography procedures. 

Preparation of Example 29 

Example 29 was prepared by coupling Example 28 with Example 22 as shown in the 
15 scheme using the general procedure described above for the preparation of 
stmcturally related Compounds and Examples. 

Preparation of Example 30 

Example 30 was prepared from Example 29 as shown in the scheme using procedures 
20 described above for the preparation of structurally related Compounds and Examples. 

Preparation of Example 31 

Example 31 was prepared from Example 30 as shown in the scheme. In the event 
100 mg of Example 30 was dissolved in 2 ml of DCM and the resulting solution was 
25 treated with 82 microliters of a 4:1 solution of water and trifluoroacetic acid. The 
resulting mixture was stirred at room temperature for several hours after which the 
reaction mixture was concentrated and the resulting crude product mixture was 
purified by chromatogr^hy to provide Example 3 1 . 

30 Preparation of Compound 61 

Compound 61 was prepared from Example 31 as shown in the scheme and using 
procedures described above for the preparation of related Compounds and Examples. 
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Preparatipn Of Compound 6? romnaunH fi/^ .r.^ n^^j .^,,^^ 





Compound 61 




1,CDI.THF, reflux. 2h 



O R 



2. RT, OBU, 




BocHN 



Compound 62. R»H 
Compound 66, R » Me 
Compound 70, R » Et 



5 Compound 62 was prepared from Compound 61 a. shown in the scheme, and by 
usmg Ae procedures decribed above for the prepaxation of related compounds and 
Examples. 



Prepaiation of CompouTid 63 64 65. Cnmp n,,^^ ^>7, ^ g. 69, , -to 



wo 2004/094452 

160 

PlrapsradDn of Compound 63, Componnd ff7, Campotmd 71 



PCT/US2004/OH824 




Compounds 63, 64. 65, 67, 68, 69, 71, 72 and 73 were prepared as shown in the 
above synthetic scheme, and by using procedures described herein for the synthesis 
5 of related Examples and Compounds. 



Example 36: Preparatio n of Compound 79 and Compound 80 
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Compound 79 Compound 80 



^ Step 36A: PreparHtion of N-t-Bi,toxyr.rbonvl-W4,»^..ny ithioVr,v.H .t,^,. 

ester 



10 



15 



20 



25 



H 

T £ 



To a solution of 7.12g (48 mmol, 1.0 eq) of L-pemciUamine in lOOmL of 1 .4- 
dioxane and 25mL of water at room temperature was added 9.60mL (96 mmol, 2.0 
eq) of 1 ON aqueous sodium hydroxide solution, followed by the dropwise addition of 
12.00mL (101 mmol. 2.1 eq) of 5-bromo-l-pentene over several minutes. The 
resulting mixture was stirred at room temperature for 68 hours. At this point 12.50g 
(57 mmol, 1.2 eq) of di-tert-butyl dicarbonate was added, and the mixture was stirred 
at room temperature for another 6 hours. The mixture was concentrated under 
vacuum, and the residue was dissolved in water. Hie aqueous mixture was washed 
with diethyl ether, adjusted to pH 3 employing IN hydrochloric acid, and then 
extracted with ethyl acetate. The combined extracts were washed with brine, dried 
over anhydrous maguesium sulfete, fUtered, and concentrated under vacuum. 

The crude product (12.20g) was dissolved in 120mL of anhydrous 
dimefliylsulfoxide. To this sohition was added 10.50g (76 mmol) of potassium 
carbonate and 4.7QmL (76 mmol) of iodomethane. and the resulting mixtiire was 
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Stirred at room temperature for 24 hours. The reaction mixture was diluted with water 
and extracted with ethyl acetate. The combined extracts were washed with water (2X) 
and brine, dried over anhydrous sodium sulfate, filtered, and concentrated under 
vacuum. Column chromatography on silica gel (elution: 2-10% ethyl acetate/hexane) 
5 provided 8.54g of N-tert-butoxycarbonyl-3-(4-pentenylthio>I^valine, methyl ester as 
a colorless oil. NMR (300 MHz, CDCI3): 5 5.76 (d of d oft, 1 H, J = 17.2, 10.3, 6.6 
Hz), 5.35 (br d, 1 H, J = 9.0 Hz), 5.05-4.94 (m, 2 H), 4.27 (br d, 1 H, J = 9.0 Hz), 
3.73 (s, 3 H), 2.52 (m, 2 H), 2. 13 (quart., 2 H, J = 7.3 Hz), 1,61 (quint, 2 H, J = 7.3 
Hz), 1.43 (s, 9 H), 1.35 (s, 3 H), 1,33 (s, 3 H). 

10 

Step 36B: Prepar ation of N-tert-Butoxvcarbonvl-3-f4-DentenvlthloVT^va1inft 



To a solution of 8,52g (25.7 mmol) of N-tert-butoxycarbonyl-3-(4- 
pentenylthio)-L-valine, methyl ester in 200mL of tetrahydrofuran at room 

20 temperature was added a solution of l.lOg (26.2 mmol) of lithium hydroxide 
monohydrate in 50mLL of water. The resulting mixture was stirred at rooin 
temperature for 65 hours. To the reaction mixture then was added 28mL of l.OON 
hydrochloric acid. The mixture was diluted with diethyl ether, washed with water 
(3X) and biine, dried over anhydrous sodium sulfate, filtered, and concentrated under 

25 vacuum to ajBEbrd 8. 1 Og of N-tert-butoxycaibonyl-3-(4-pentenylthio)-L-valine as a 



colorless oU. . NMR (300 MHz, CDCI3): 8 5.75 (d of d oft, 1 H, J = 17,2, 10.3, 6.6 
Hz), 5.40 (br s, 1 H), 5.05-4.94 (m, 2 H), 4.28 (br s, 1 H), 2.56 (m, 2 H), 2. 13 (quart., 
2 H, J = 7.3 Hz), 1.63 (quint., 2 H, J = 7.3 Hz), 1.44 (s, 9 H), 1.39 (s, 3 H), 1 .37 (s, 3 
H). 




30 
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Step 36C: Preparation of 4g 6,7 Mi?. l«P^7-..,-i.t_..^ ,B»tovvn»H,»^yr 
1 . 3J3-dimethv1-18<6-methoxv.isoQiimol,n-1-y W y V 2.1S-d,Wl7-tl.^^^ 



aminn- 



10 



15 




Compound 79 

This compound was prepared from N-tert-butoxycarbonyl-3-(4-pentenylthio)- 
L-valine employing the procedures described in example 24. ESI-mass spectrum: 
m/e: 669 (M+Hf, 667 (M-H)"; high resolution mass spectrum: calc'd for 
C34H45N4O8S: 669.2958. found: 669.2975; NMR (500 MHz, CD3OD) 5 8.06 (d, 1 H, 
J = 8.8H2). 7.90 (d, 1 H, J = 5.8 Hz). 7.24 (d, 1 H, J = 5.8 Hz). 7.16 (s. 1 H). 7.09 (4 
1 H. J = 8.8 Hz), 6.69 (d, 1 H, J = 8.5 Hz), 5.80 (s, 1 H). 5.72 ( quart.. 1 H. J = 8.5 
Hz), 5.46 (t. 1 H, J = 8.5 Hz). 4.71 (t. 1 H. J = 8.5 Hz), 4.64 (d, 1 H. J = 9.1 Hz), 4.45 
(d, 1 H. J = 11.6 Hz), 4.22 (m, I H). 3.91 (s, 3 H), 2.78 (m. 1 H), 2.74-2.68 (m, 2 H). 
2.56 (m. 1 H). 2.36-2.28 (m. 2 H). 2.21 (m. 1 H), 1.75 (m. 1 H). 1.72-1.64 (m. 2 H). ' 
1.60 (m, 1 H). 1.45 (s, 3 H). 1.39 (s, 3 H), 1.21 (s, 9 H). 

Step36P:Prep3.T-ptipnof fl.V. 4ff 6A 14/?. r 7 -cfe.4-Cvrinp rnp.„.^.if^^yi 
gmipocari?6pyl-n. 1 ^-dimethvl-lS-rfi-m^h oxvisoouinnbn-l ■v loxvV2 1 S-Hinvn-i 
fti9-3.16.dia7.a-tricYclori4 3. 0,0^'%onadec - 7 -ea-14-vnc«ri.«mic acid, te.rt-hnty i 
(Compound SO) 
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10 



15 





Compound 80 

This compound was prepared from compound 79 employing the procedure 
described in example 24D. ESI-mass spectrum: m/e: 772 (M+EQ^ 770 (M-H)-- high 
resolution mass spectrum: calc'd for C37H50N5OSS2: 772.3050. found: 772 3060- 
NMR (500 MHz. CD3OD) 5 8.06 (d, 1 H. 1 = 8.8 Hz). 7.90 (d, I H. J = 5.8 Hz) 724 
( d. 1 H. J = 5.8 Hz), 7.17 (s 1 H), 7.08 (d, 1 H, J = 8.8 Hz), 6.62 (d. 1 H. J = 8.5 Hz) 
5.83 (s, 1 H), 5.74 (quart.. 1 H, J = 8.5 Hz). 5.26 (t, 1 H. J = 8.5 Hz), 4.67 (m. 1 H) ' 
4.46 (m, 2H). 4.19 (m. 1 H), 3.92 (s. 3 H), 2.93 (m. 1 H). 2.74-2.67 (m, 3 H) 2 58-' 
2.48 (m, 3 H), 2.11 (m, 1 H), 1.82-1.75 (m. 2 H). 1.61 (m. 1 H), 1.54 (m, 1 4 1 45 
(s, 3 H). 1.37 (s. 3 H). 1.27 (m, 1 H), 1.18 (s. 9 H). 1.09 (m, 1 H). 1.07-0.99 (m, 2 H). 

Example 3?: Preparation of ComtioiiTid «4 »»h C omnmind «s 





o 



OH 



\ i H ° C 



Compound 84 



Compound 85 



^° Step37A: Preparation of N-terf.Rutoyvcarhnnvl-n-r4-p .ntenvlW,..Wn. 
ester 
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5 To a solution of 10.26g (50 rmnol, 1.0 eq) of N-teit-butoxycaibonyl-L-serme 

in 500mL of anhydrous dimethylsulfoxide at room temperature was added 2.00g (50 
mmol, 1.0 eq) of 60% sodium hydride in mineral oil. This mixture was stirred at 
room temperature for 0.5 hour until the evolution of gas had ceased. To the resulting 
solution was added 6.00mL (50 mmol, 1.0 eq) of 5-bromo-l-pentene followed 
10 immediately by another 2.00g (50 mmol, 1 .0 eq) of 60% sodium hydride in mineral 
oiL The reaction mixture then was stirred at room temperature for 1 6 hours. The 
mixture was diluted with 2000mL of water, adjusted to pH 3^ by the addition of 
50mL of l.OON hydrochloric acid, and extracted with ethyl acetate. The organic 
phase was washed with water (2X) and brine, dried over anhydrous sodium sulfate, 
15 filtered, and concentrated under vacuum To remove the residual mineral oil the 

resulting material' was dissolved in a dilute aqueous sodium hydroxide solution. This 
aqueous solution was washed with hexane and then adjusted to pH 4 employing 
hydrochloric acid, and extracted with ethyl acetate. The extract was washed with 
water (2X) and brine, dried over anhydrous sodium sulfate, filtered, and concentrated 
20 under vacuum. 

The crude product (7.70g) was dissolved in lOOmL of anhydroiis 
dimethylsulfoxide. To this solution was added 7.80g (56 mmol) of potassium 
carbonate and 3.50mL (56 mmol) of iodomethane, and the resulting mixture was 

25 stirred at room temperature for 24 hours. The reaction mixture was diluted with water 
and extracted with ethyl acetate. The combmed extracts were washed with water (2X) 
and brine, dried over anhydrous sodium sulfate, filtered, and concentrated under 
vacuum. Column chromatography on sihca gel (elution: 2 -10% ethyl acetate/hexane) 
provided 6.70g of N-tert-butoxycarbonyl-0-(4-pentenyl)-L.serine, methyl ester as a 

30 colorless oiL NMR (300 MHz, CDCI3): 6 5.78 (d of d oft, 1 H, J = 17.2. 10.2, 6.6 
Hz). 5.34 (br 4 1 H, J = 8.0 Hz), 5.03-4.92 (m, 2 H), 4.40 (m, 1 H), 3.81 (d of d. 1 H, 
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J = 9.5, 2.9 Hz). 3.74 (s, 3 H), 3.61 (d of d, 1 H, J = 9.5. 3.5 Hz), 3.42 (m, 2 H). 2.06 
(quart., 2 H. J = 7.3 Hz). 1.61 (quint, 2 H, J = 7.3 Hz), 1.44 (s, 9 H). 

^ Step 37B: Preparation ofN-tert-Butoicvr.ari^ nYi -0-r4-pentenv n.T..«^r;r»> 



10 



20 



.COzH 



To a solution of 6.65g (23 mmol) of N-tert-butoxycarbonyl-0-(4- 
pentenyl)-L-serine, methyl ester in 500mL of tetrahydroferan at room temperature 
was added a solution of 1.95g (46 nunol) of lithium hydroxide monohydrate in 
1 OOmL of water. The resulting mixture was stirred at room temperature for 40 hours. 
15 To the reaction mixture then was added 46mL of LOON hydrochloric acid. The 

mixture was dUuted with elhyl acetate, washed with water (3X) and brine, dried over 
anhydrous sodium sulfate, filtered, and concentrated under vacuum to afford 6.30g of 
N-tert-butoxycarbonyl-0-(4-pentenyl)-L.serine as a colorless oil. . NMR (300 MHz, 
CDCI3): 8 5.77 (d of d oft, 1 H. J = 17.2, 10.2. 6.6 Hz), 5.37 (br d, 1 H. J = 8.0 Hz), 
5.03-4.92 (m, 2 H). 4.42 (m, 1 H), 3.87 (d of d, 1 H, J = 9.5, 2.6 Hz), 3.63 (d of d. 1 
H, J = 9.5, 4.0 Hz). 3.45 (1, 2 H, J = 6.6 Hz), 2.07 (quart, 2 H, J = 7.3 Hz), 1 .64 
(quint, 2 H. J = 7.3 Hz), 1 .44 (s, 9 H). 



Step 37C: Preparation of OS. 4R. 6S. 14.V. l«/? )-7-c£?-14-tert-Butoxvcarbonv1amf 
1 8-(6-methoxvisomiiTi olin- l-vloxyV2. 1 S-dioxo- 1 2-oxa-3. 1 6- 
diazatricvclori4.3.0 0'''<']-tintiaH«/>-7-^.>- 4.^boxvlic acid rComnnimd «4) 



30 
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Compound 84 



This compound was prepared fiom N-tert-butoxycaibonyl-3-(4-pentenylthio)- 
5 L-valine employing the procedures described in example 26. ESI-mass spectrum: 
m/e: 625 QA+H)*, 623 (M-H)'; higjii resolution mass spectrum: calc'd for 
C32H41N4O9: 625.2874, found: 625J2871; NMR (500 MHz, CD3OD) 6 8.12 (d, 1 H, J 
= 9.0 Hz), 7.89 (d, 1 H, J = 5.8 Hz), 7.24 (d. 1 H. J = 5.8 Hz). 7.17 (s, 1 H). 7.12 (d, 1 

H, J = 9.0 Hz), 5.83 (s, 1 H), 5.63 (quart., 1 H. J = 8.8 Hz), 5.45 (t, 1 H, J = 8.8 Hz), 
10 4.74 (m, 1 H), 4.60 (br s, 1 H), 4.36 (d, 1 H, J = 11.0 Hz). 4.16 (d, 1 H. J = 8.0 Hz), 

3.91 (s, 3 H), 3.74 (m, 2 H). 3.62 (m, 1 H). 3.49 (m. 1 H), 2.66 (m, 1 H), 2.57 (m, 1 
H), 2.47-2.33 (m. 2 H), 2.19 (m, 1 H), 1.78 (m, 2 H), 1.69 (m, 1 H), 1.48 (m, 1 H), 

I. 30 (s, 9 H). 

15 

Step 37D: Prenaration of (IS. 4Jt. 6S. 14S. IRffV r7-cig-4-CvcloproDanesulfonvl- 
aminocarbonvl-1 8-( 6-methoxv-isoamnolin-l -vl oxvV2. 1 5-dioxo-l 2-Qxa-3. 1 fi-Hiarg- 
tricvclori4.3.0.0^'^nnnarf«r-7-^.14-^^1.carha mic acid, tert-butvl ester rComp oiinH 
85) 

20 
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o °Y T V K ^ 



Compound 85 



10 



This compound was prepared from compound 84 employing the procedure 
described in example 26L ESI-mass spectrum: m/e: 728 (M+H)% 726 (M-H)"; high 
resolution mass spectrum: calc'd for C35H46N5O10S: 728.2966, found: 728.2972; 
NMR (500 MHz, CD3OD) 8 8.12 (m, 1 H), 7.89 (d, 1 H, J = 5.8 Hz), 7.25 (d, 1 H, J = 
5.8 Hz), 7.18 (s, 1 H), 7.12 (d, 1 H, J = 8.0 Hz), 5.89 (s, 1 H), 5.66 (quart., 1 H, J = 
8.8 Hz), 5.19 (t, 1 H, J = 8.8 Hz), 4.71 (m, 1 H), 4.52 (br s, 1 H), 4.36 (d, 1 H, J = 
10.0 Hz), 4.12 (m, 1 H), 3.92 (s, 3 H), 3.65 (m, 2 H), 3.47 (m, 2 H), 2.92 (m, 1 H), 
2.64 (m, 1 H), 2.56 (m, 1 H), 2.45 (m, 2 H), 2.19 (m, 1 H), 1.77 (m, 1 H), 1.70-1.60 
(m, 2 H), 1.54 (m, 1 H), 1,28 (s, 9 H), 1.15-0.98 (m, 4 H). 



15 



Example 38: Preparation of Compound 58: 




OEt 



TBDMSCI 



78% 



TBDMSQ 




GiTibb's catalyst 

CH^2, r^lux, 4h 
98% 



20 



TBDMSQ 



UOH 




4h 
84% 



TBDBIISQ 




CDI 



DBU. 

NH2SO2CP 
51% 
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TBOMSO 



' 7/ 



rSAF 




73% 



HO 





KOt-Bu 
DMF 
39% 




compound 58 



10 



Step 38a; Preparation of UUU(2^tert^T^^.fn.y n.rhon^^^^^ 
buM-dimethvl-si1anY?nxvVpvrrn]id ine-.2>carhnTivl] ,aniinn}.7, 
vinvlcvcloDroDanecar boxvlic acid ethvl ester 



TBDMSO 



15 




To a mixture of l-{[l-(2(5)-/ert-Butoxycarbonylammo-non-8-enoyl)-4(J?)-hydroxy- 
pyirolidine-2(5)caxbonyl]-(l/?)-ammo}-2(5)-vmyl-cyc]opropanecarboxyUc acid ethyl 
ester (1.5 g, 2.87 mmoL)in 10 mL of DMF was added imidazole (0.25 g, 3.67 mmoL) 
and tert-butyl-dimethylsilyl chloride (51 6 mg, 3.44 mmoL). The mixture was stirred 



10 



15 
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at rt for two days. The reaction mixture was then concentrated in vacuo, and the 
residue was dissolved in ethyl acetate. ITiis solution was washed with water dried 
over magnesium sulfate, and concentrated in vacuo to obtain a crude sohd. 
Purification by flash chromatography (eluting with 2Wo ethyl acetate in hexane) gave 
5 1.43 g (78%) of l-{[l-(2-tert-butoxycarbonylamino.non-8-enoyl)-4-(tert.bu1yl. 

dimethyl-silanyloxy).pyxroUdine-2K:arbonyl]-amino>.2-vinylcyc^^^^ 
acid ethyl ester as a white solid. 

'HNMR (300 MHz, CD3OD) S 0.10 (s.6 H). 0.89 (s. 9 H). 1.22 (m, 3 H), 1 31-1 48 
(m, 16 H). 1.50-1.75 (m, 3 H)..2.06 (m, 3 H), 2.1 1-2.33 (m, 2 H), 3.70 (m. 2 H). 4 03- 
4.19 (m, 2 H), 4.21 (m, 1 H). 4.45 (t, ^.87 Hz. 1 H), 4.59 (m, 1 H). 4.91 (d, 15 
Hz. 1 H). 4.98 (d. J^17.20 Hz. 1 H), 5.08 (dd, J^IO.25. 1.83 Hz. 1 H). 5.27 (dd, 
J^17.38, 1.65 Hz, 1 H), 5.65-5.87 (m, 2 H). LC-MS (Method A, retention time: 4.00 
min), MS m/z 636 (M*+l). 

Step 38b: Preparation of 14-terf-Butoxv..rhn.v io^; ^o.is.rt.rf-h„v .^,»,..T.^. 
silanyloxv)-2,1 5-dioxo-3, 1 6.di»7R-tricvclnn4 . n n^.V »^adec^7-.n^.^^^.,:. 
acid, ethvl estw 




Toasolutionofl-{[l-(2-tert.butoxycarbonylammo-non.8-enoyl)-4-(tert-butyl- 
dimethyl-silanyloxy).pyrroUdine-2-carbonyl]-ainino>-2-vmyl- 
cyclopropanecarboxylic acid ethyl ester (1.63 g. 2.56 mmoL) m 640 mL of 
methylene chloride was added 215 mg (0.26 mmoL) of tricyclohexylphosphine[1.3- 
bis(2.4.6-tri[benzylidene]rufhemum(IV)dichloride. The mixture was heated at reflux 
for 15 min. The residue was concentrated in vacuo, and then purified by flash 
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Chromatography eluting with 30 % ethyl acetate^exane. To further decolorize the 
sample, the crude product was chromatographed a second time eluting with 50% 
ether in hexane to give 1 .5 g (96%) of 14-tert.bul»xycaibonylamino-18-(tert-butyl- 
dimethyl-silanyloxy)-2,15-dioxo.3,16-diaza-tricyclo[14.3.0.0'*'«]nonadec-7-ene-4- 
5 caiboxylic acid ethyl ester as a white soUd. NMR (500 MHz, CD3CI) 5 0.06 (s, 3 
H), 0.07 (s, 3 H), 0.86 (s, 9 H). 1.18-1.24 (m, 6 H), 1.34-1.64 (m, 14 H), 1.86-1.96 
(m, 3 H). 2.02-2.09 (m, 1 H), 2.11-2.17 (m, 1 H). 2.19-2.28 (m, 1 H), 2.57-2.63 (m, 1 
H), 3.50-3.54 (m, 1 H), 3.71 (dd, J^IO.22, 6.26 Hz, 1 H), 4.06-4.17 (m, 2 H), 4.52- 
4.58 (m, 2 H), 4.75 (d, .>^8.55 Hz. 1 H), 5.21 (1, /=9.92 Hz. 1 H). 5.35 (d, J^7.63 Hz, 
10 1 H). 5.45-5.50 (m, 1 H), 6.94 (s,l H). LC-MS (Method A, retention time: 3.88 min), 
MS m/z 608 (M*+l). 

Step 38c: Preparation of 14-terf-hiitn K Vcarbonvlamino-18-rtert-hiit vl-riiniPthYl- 

silanyloxy)-2J5-dioxo-3.16-diaza-lrir.yr tori4.3.0Q'''<'lTinnadec-7-ene-4-rarh»vY l.V 
15 acid 



TBDMSO 




20 To a solution of 14-tert-butoxycaibonylamino-18-(tert-butyl-dimeliiyl-silanyloxy)- 
2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0'*'*]nonadec-7-ene-4-carboxyKc acid ethyl 
estw (1 .5g, 2.47mmoL) in a mixed solvent system of THF (4 mL), methanol (1 mL), 
and water (2 mL), was added powdered lithium hydroxide monohydrate (1.0 g, 50 
mmoL). The light yeUow slurry was stirred at rt under N2 for 4 h. The mixtui« was 

25 then concentrated in vacuo, and the residue pardoned between ether and water. The 
ether phase was discarded, and the aqueous phase was treated with 1 N HCl until 
reaching pH 4. This acidic solution was extracted with EtOAc (3x). The combined 
EtOAc extracts were dried (MgS04), and concentrated in vacuo to give 1.2 g (84%) 
of 14-tert-butoxycarbonylamino-18-(tert-butyl-dimethyl-silanyloxy)-2,15-dioxo- 
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3,16.diaza-tricyclo[143.0.0^- Vnadec-7.ene-4-c^^ acid as an off-white soUd. 

NMR (300 MHz, CD3OD) 0.12 (s, 6 H), 0.89 (s, 9 H), 1.23-L64 (m, 17 H), 1.70- 
1.87 (m, 1 H), 1.90-2.49 (m, 6 H), 3.70-3.80 (m,l H), 3,83-3.90 (m, 1 H), 4.28-4.36 
(m, 1 H), 4.47^.55 (m, 1 H), 4,65 (s, 1 H), 5.30-5.39 (m, 1 H), 5.53-5.62 (m, 1 H). 
5 LC-MS (Method A, retention time: 3.69 min), MS m/z 580 (M^+1). 



Step 38d: Preparation of flR-r tert-bntY l-di methvl-silanvloyY)^, 
cvclopropanesulfonvlafn tnocarbonvl-2.15-diQxo^3.16-diaza> 
10 tricYcIori4.3.0.0'^'%onadec-7-en-14^Yn - carbamic acid tert-butvl ester 



15 



TBDMSO 

^ o o 




o 

6 



14-tert-Butoxycarbonylainino-18<tert-lTOtyl-dimetbyl-siIanyloxy)-2,15-^^ 
diaza-tricyclo[14.3.0.0'''<lnonadeo-7-ene-4-caiboxyIic acid (500 mg, 0.86 mmoL) was 
dissolved in 25 mL of THF and treated with GDI (180 mg. 1.12 mmoL). (Care was 
taken to avoid moisture by using oven dried glassware and maiTifginiTig a dry N2 
20 atmosphere). After refluxing the reaction mixture for 2 h, it was cooled to rt and 
treated sequentially wilh cyclopropylsulfonamide (135 mg, 1.12 mmoL) and DBU 
(1 70 mg, 1.12 mmoL). The reaction mixture was stirred for 4 h at rt, and the THF 
was removed by rotary evaporation. The residue was partitioned between ethyl 
acetate and pH 4 buffer. The organic phase was dried (MgS04) and concentrated in 
25 vacuo to give the crude product. It was then purified by flash chromatography 

(eluting with 33% ethyl acetate in hexane) to give 300 mg (51%) of [18-(tert-butyl- 
dimethyl-silanyloxy)-4-cyclopropanesulfonylaminocarbonyl-2, 1 5-dioxo-3, 1 6-diaza- 
tricycIo[14.3.0.0'' '']nonadec-7-en-14-yl]-carbamic acid tert-butyl ester as a white 
soUd. »H NMR (300 MHz, CD3OD) 8 IH 0.07 (s, 3 H), 0.08 (s, 3 H), 0.85 (s, 9 H), 
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0.87-1.49 (m, 21 H), 1.73-1.95 (m, 3 H), 2.08-2.16 (m, 1 H), 2.25-2.36 (m, 2 H), 
2.42-2.56 (m, 1 H), 2.85-2.93 (m, 1 H), 3.65.3.74(dd, ^10.61, 3.66 Hz, 1 H), 3.89 
(d, ^10.25 Hz, 1 H), 4.34 (m, ^.70, 9.70 Hz, 1 H), 4.43 (t, ^,87 Hz, 1 H), 4.57 
(s, 1 H), 4.94-5.01 (m, 1 H), 5.10 (d, ^8.78 Hz, 1 H), 5.66-5.75 (m, 1 H), 6.55 (s, 1 
5 H), 1 0. 13 (s, 1 H). LC-MS CMethod A, retention time: 3.81 min), MS m/z 683 
(M^+1). 

Step 38e: f4-Cvclopropan esulfonvlRniiTi ocarbonvl-18-hvdroxv--2,15--dioxo-3,16- 
diaza-tricvclori4.3,0>0'^'^noiiadec-7-en-14-vlVcarbamic acid tert-butvl ester 

10 

HO 




To a mixture of [18-(tert-butyl-dimethylsilanyloxy)-4- 
cyclopropanesulfonylaminocarbonyl-2, 1 5-dioxo-3, 1 6-diaza- 

15 tricyclo[14.3.0.0'^'^]nonadec-7-en-14-yl]-carbamic acid tert-butyl ester (330mg, 0.48 
mmoL) in 25 mL of THF was added tetrabutylanmionium floride (1 50 mg, 0.54 
mmoL). The reaction mixture was stirred at rt for 1 8 h, and then the THF was 
removed by rotary evaporation. The residue was partitioned between ethyl acetate 
and water. The organic phase was dried (MgS04) and concentrated in vacuo to give 

20 the crude product. It was then purified by triturating with hexane to yield 200 mg 

(73%) of (4-cyclopropanesulfonylaminocarbonyl-18-hydroxy-2,15-dioxo-3,16-diaza- 
tricyclo[14.3.0.0^*^nonadec-7-en-14-yl)-carbamic acid tert-butyl ester as a white 
soUd. ^H NMR (500 MHz, CD3CI) 5 L87-1.64 (m, 21 H), 1.70-1,98 (m, 3 H), 2.15- 
2.56 (m, 5 H), 2.85-2.94 (m, 1 H), 3.71 (d, J=13.91 Hz, 1 H), 4.10-4.26 (m, 2 H), 

25 4.51 (t, J=7.87 Hz, 1 H), 4.62 (s, 1 H), 4.98 (m, 1 H), 5.06 (d, J^.78 Hz, 1 H), 5,64- 
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5.71 (m. 1 H), 6.72 (s. 1 H), 10J24 (s. 1 H). LC-MS (MelJiod A, retention time: 2.85 
min), MS na/z 569 (M*+l). 



Step 38f: Prepara tion of compound 58: rfZWlS.4R.T4S.18R)-4- 
5 cYclopropanesulfonvlaminocari3onvl-2.15 - dioxo-1R-n-phenvl-isoquinolin-l-vloxv->- 
3a6-diaza-tricvclori4.3.0.0'*'%nnaHftr.-7-^p-lii-vi^^^TfianiiV. ncid tert-butvl estar 





10 



compound 58 



To a mixture of (4-cyclopropanesulfonylammocaibonyl-18-hy^^ 

3 J6-KKa2a-tricyclo[14.3.0.0^'^]nonadec-7-en-14-yl)-carbamic acid tert-butyl ester (20 

1 5 mg, 0.035 mmoL) in 1 mL of DMF was added potassiimi t-butoxide (22 mg, 0. 1 96 
mmoL). The mixture was stirred at rt for 5 min, and then l-chloro-3- 
phenylisoquinoline (1 5 mg, 0.062 mmoL) was added. The reaction mixture was 
stirred at rt for 1 5 h, and then concentrated in vacuo. This caiide product was 
triturated with ether. The residue was dissolved in MeOH, and then purified by 

20 preparative HPLC.(YMC XTERRA, S5, 19x100 mm, gradient: 60% B to 100% B, 15 
min, hold 2 min, flow rate 25 mL/min) to give 10 mg (39%) of compound 58, [(Z)- 
(lS,4R,14S,18R)-4-cyclopropanesulfonylarninocaibonyl-2,15-dioxo-I8-(3-^^ 
isoquinolin-l"yloxy)-3,16-diaza-tricyclo[14.3.0.0^'^nonadec-7-en-14-yl]^ 
acid tert-butyl ester, as a white solid. NMR (500 MHz, CDsCl) 8 0,90-1.64 (m, 21 
25 H), 1.76-1.97 (m, 3 H), 2.26-2.31 (m, 1 H), 2.52-2.63 (br s, 1 H), 2.69-2.81 (m, 2 H), 
2.88-2.93 (m, 1 HQ, 4.11 (d, J=11.60 Hz, 1 H), 4,33 (m, 1 H), 4.61 (d, J=7.94 Hz, 2 
H), 4.99 (t, J=9.31 Hz, 1 H), 5.05 (d, J=:7.93 Hz, 1 H), 5.69-5.74 (m, 1 H), 6.08 (s, 1 
H), 6.60 (s, 1 H), 7.38-7.47(m, 2 H), 7.50 (t, J=7.63 Hz. 2 H), 7.63 (t, J=7.32 Hz, 1 
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H), 7.71 (s, 1 H), 7.77 (d, J=8.24 Hz, 1 H). 8.10 (d. J=7.32 Hz. 2 H). 8.18 (d, J=7 93 
Hz, 1 H). 10.27 (s, 1 H). LC-MS (Method A. retention time: 3.72 min), MS ni/z 772 
(ht+l). 



^ Example 39: Prenamtinn »f c ompnim^^^ 14^ | >|5 




BocHN 



NO, 



6 



Compound 144 




BocHN'" \^ 



O o 




Compound 145 



10 



Step 39a: Prep a mtion of rSV?.rterf^butoxvc.rhnny iv^^ 
envDphenvlsulfnnflm ido^prop an oic acid v 



^y--^^ TMSCHN2 
BocHN-^'^^j^j^^ CHsCrz/MeOH 



BocHN 



-Cll-S 



/// O2N 



K2CO3, DMF 



BocHN 



OMe 



ji-p 

02N 



LiOH 



THFIMeOHMjO 



BecHN 



15 



P^eparatiop of fS)-methvl 3-«mino-2-rtert-htrfr,w c arbonvnp rnp«T,n.t. ,v. 
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To a mixture of / (Boc-DAP-OH)(3.0 g 14.7 mmol) in 50 mL of methylene 
chloride was added 5 mL of methanol. To this solution was slowly added 
(trimethylsilyl)diazomethane (2 M in ether, 7.9 mL, 15.8 mmoL). The 
mixture was stirred at rt for 2 h until aU of the soUd dissolved and the 
5 solution turned light yellow. It was then concentrated to yield 3.2 g (99%) of 
(S)-methyl 3-amino-2-(tert-butoxycarbonyl)propanoate as a colorless oil. 
'H NMR (CD3OD. 300 MHz) 5 1.46 (s, 9 H), 2.82-3.00 (m, 2 H), 3.71 (s, 3 
H), 4.14 (brs, 1 H). 



10 Preparation of rSVmethvl 2-('tert-biitnyvcaifaonvn-:^-r?- 
nitrophenvlsulfonamtdo'tpropanoate Hi: 

To amixture of (S)-methyl 3-amino-2-(tert-butoxycarbonyl)propanoate ii (1.6 
g, 7.3 mmoL) in DCM (50 mL) was added DIPEA (1 .64 mL, 9.4 mmoL) and 

15 2-nitrobenzene sulfonyl chloride (1 .62 g, 7.3 mmoL). The mixture was stirred 
at rt for 2 h. It was then concentrated, dissolved in ethyl acetate, which was 
then washed wifli sat. sodium bicarbonate, brine and dried over magnesium 
sulfate. It was then filtered, concentrated to yield 2.9 g (98%) of (S>methyl 2- 
(tert-butoxycarbonyl)-3-(2-nitrophenylsulfonamido)propanoate ui as a yeUow 

20 foam. 'H NMR (CD3OD, 300 MHz) 8 1.41 (s, 9 H), 3.36-3.51 (m, 2 H), 3.71 
(s, 3 H), 4.22 (m, 1 H), 7.80-7.90 (m, 3 H). 8.07-8.10 (m, 1 H). 

Preparation of rSVmethvl 2-f tert-butQxvcarbonvn-3-r2.mtro-N-(pent-4- 
envDnhenvlsu lfonamirl o^propanoatefv: 

25 

To a mixture of (S)-methyl 2-(tert-butoxycarbonyl)-3-(2- 
nitrophenylsulfonamido)-propanoate iff (150 mg, 0.37 mmol) in 3 mL of 
DMF was added potassium carbonate (102 mg, 0.74 mmoL). This mixture 
was stirred at rt for 20 min followed by the addition of 5-bromo-l-pentene (65 
30 |iL, 0.55 mmoL). TTie reaction mixture was stirred at rt for 2 days. It was then 
filtered, concentrated and piirified by silica gel chromatography (elutmg with 
25% ethyl acetate in hexane) to give 75 mg (43%) of (S)-methyl 2-(tert- 
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butoxycarbonyl)-3<2.nitro-N-(pent-4-eayl)phenylsulfonaniido)propanoater^ 
as a yeUow soUd. 'h NMR (CD3OD, 300 MHz) 5 1.42 (s. 9 H), 1.54-1.64 (m, 
2 H), 1.97 (q, .^.20 Hz, 2 H), 3.37 (m. 2 H), 3.57-3.80 (m. 2 H), 3.72 (s, 3 
H), 4.42 (dd, y=8.60. 5.31 Hz, 1 H). 4.91-5.01 (m, 2 H). 5.69-5.79 (m. 1 H). 
5 7.75-7.85 (m, 3 H), 8.04 (m, 1 H). LC-MS (Mefliod D, retention time: 2.68 
min), MS m/z 372 (M*+l-Boc). 

Preparation of (S)-2-ftert-butoy vcarbnnvl>-3-(?.-nitro.N-rpftnt-4. 
enyDphenvlsulfonanni do'tDroDannic acid v; 

10 

(S)-methyI2-(tert-butoxycarbonyl)-3-(2-mtro-N-(pent-4- 
enyl)phenylsulfonamido)-propanoate iv (500 mg, 1.06 nunol) was dissolved 
in the mixed solvent system: THF (4mL), methanol (1 mL), and water (2 
mL). Powdered lithium hydroxide (25Qmg, 10.4 mmol) was added. The Ught 
15 yeUow slurry was stirred at rt for 1 5 h, and then concentrated in vacuo. The 
residue was partitioned between ether and water. The ether phase was 
discarded, and the aqueous phase was treated with 1 N HCl until the pH was 
4. This acidic solution was extracted with ethyl acetate four times. The 
combined ethyl acetate extracts were dried (MgS04) and concentrated in 
20 vacuo to give 430 mg (89%) of (S)-2-(tert-butoxycarbonyl)-3-(2-nitro-N- 
(pent-4-enyl)phenylsulfonamido)propanoic acid v as a yellow oil. ^H NMR 
(CD3OD, 300 MHz) 8 1.38 (s, 9 H), 1.51-1.60 (m, 2 H), 1.89-1.98 (m, 2 H), 
3.28-3.32 (m, 2 H). 3.59-3.64 (dd, J=U.95, 9.46 Hz, 1 H), 3.71-3.74 (m, 1 
H). 4.33 (dd, .^.61, 4.43 Hz, 1 H), 4.87-4.94 (m, 2 H), 5.63-5.72 (m, 1 H). 
25 7.71-7.77 (m, 3 H), 8.01 (dd, J^7.48, 1 .37 Hz, 1 H). LCMS (Method D. 
retention time: 2.04 min), MS m/z 358 (M*+l-Boc). 

Step 39b: Prenaration of riR.2S1-e thvl l-('r^R,55;Vl.crSV2-/^ter<:- 
bntoxvcarbonvn-3-r2-nitro-N.rpft nt-4-envnphenvIsulfonamido')proDanovn-^- 
30 (isoquinoIin-l-vloxv'>pY rrolidine-^-r.arboxamidoV2- 
vinvlcvclopropanecarboxvlatB 
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(S)"2-(tert-butoxycarbonyl)-3-(2-.mtro-N--^ent-4- 

enyl)phenylsiilfonamido)propanoic acid (1 .10 g, 2.40 mmol) dissolved in 20 
5 mL of DCM was treated sequentially with l-{[4-(isoquinolin-l-yloxy)- 
pyn*oKdine-2-carbonyl]-amino}-2-vinyl- cyclopropanecarboxylic acid ethyl 
ester, bis hydrochloride (1.27 g, 2.72 mmol), N-methyl morpholine (0.92 mL, 
8.34 mmol), and HATU (PB biosystems)(1.28 g, 3.36 mmol). The reaction 
mixture was stirred at rt imder N2 for 15 h, and then concentrated in vacuo. 
10 The residue was partitioned between ethyl acetate and pH 4 buffer 

(biphthalate). The organic phase was washed with sat. aq. NaHCOs, dried 
(MgS04), and concentrated in vacuo to give 2.0 g of the crude product. Flash 
chromatography (30% hexane/ethyl acetate) gave 1.4 g (70%) of (1R,2S)- 
ethyl l-((3R,5S)-l-((S)-2-(tert-butoxycarbonyl)-3-(2-nitro-N-(pent-4. 
1 5 enyl)phenylsulfonaraido)propanoyl)-3-(isoquinolin-l-yloxy)pynx>lidm 
carboxamido)-2-vinylcyclopropanecarboxylate as a purple solid. NMR 
(CD3OD, 500 MHz) 5 1.23-1.31 (m. 9 H), 1.46-1.52 (m, 4 H), 1.59 (br s, 1 
H), 1.66 (br s, 1 H), 1.74 (dd, J^.93, 5.19 Hz, 1 H), 2.00 (br s, 2 H), 2.29 (q, 
^8.95 Hz, 1 H), 2.47 (m, 1 H), 2.72 (m, 1 H), 3.38-3.51 (m, 2 H), 3.68 (m, 2 
20 H), 4.09-4.26 (m, 3 H), 4.37 (d, J^l 1.29 Hz, 1 H), 4.64 (m, 1 H), 4.72 (m, 1 
H), 4.95 (d, 7=10.99 Hz, 1 H), 4.99 (dd, ^18.92, 1.53 Hz, 1 H), 5.12 (d, 
J^IO.68 Hz, 1 H), 5.32 (d, J=17.40 Hz, 1 H), 5.73-5.86 (m, 2 H), 5.92 (s, 1 
H), 7.36 (m,l H), 7.58 (m,l H), 7.73 (m, 1 H), 7.80-7.88 (m, 4 H), 7.99 (m, 1 
H), 8.1 1 (m,l H), 8.24 (d, ^8.24 Hz, 1 H). LC-MS (Method D, retention 
25 time: 3.15 min), MS m/z 835 (M^+l). 
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Step 39c: 



5 




A solution of (lR,2S)-ethyl l-((3R,5S)-H(S)-2-(tert-butoxycarbonyl)-3-(2- 
nitro-N-(pent-4-enyl)phenylsulfoiiamido)propanoyl)-^ 1 - 

yloxy)pyrrolidine-5-caiboxamido)-2-vinylcyclopropanecarboxylate (1.40 g, 

10 1.67 mmol) and tricyclohexylphosphine[l,3- bis(2,4,6-trimethylphenyl)-4,5- 
dihydroimidazol-2-ylidene][benzylideae]ruthenium (IV) dichloride (Aldrich), 
(204 mg, 0.24 mmol) in 1500 mL of methylene chloride was refluxed \mder 
N2. Shortly after reaching reflux temperature the reaction mixture was 
homogeneous and li^t orange in color. After refluxing for 2 h, the dark 

15 orange reaction mixture was cooled to rt and concentrated in vacuo to give 1.7 
g of an orange oiL Flash chromatography (30% hexane/ethyl acetate) gave 1.1 
g (82%) of the ester shown above as a purple soUd. NMR (CD3OD, 300 
MHz) 5 1.11-1.31 (m, 12 H), 1.51-1.80 (m, 4 H), 1.97-2.15 (m, 2 H), 2.34- 
2.50 (m, 2 H), 2.62-2.69 (m, 1 H), 3.17-3.33 (m, 2 H), 3.44-3.60 (m, 2 H), 

20 4.01-4.05 (m, 1 H), 4.12 (q, J^7.32 Hz, 2 H), 4.37 (d, ^13.17 Hz, 1 H), 4.58 
(t, J^SAl Hz, 1 H), 4.71 (m, 1 H), 5,61 (m, 2 H), 5.88 (s, 1 H), 6.91 (d, 
J^.15 Hz, 1 H), 7.30 (d, .^5.49 Hz, 1 H), 7.52 (t, J^7.50 Hz, 1 H), 7.66-7.73 
(m, 1 H), 7.76-7.80 (m, 4 H), 7.95 (d, ^5.86 Hz, 1 H), 8.1 1 (d, ^.32 Hz, 1 
H), 8.17 (d, J^8,05 Hz, 1 H), 8.84 (s, 1 H). LC-MS (Method D, retention 

25 time: 2.91 min), MS m/z 807 (M^+1). 
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Step 39d: Prenaratin n of comp nimH lA/i 



10 



15 



20 





compound 144 



The ethyl ester prepared in step 39c (1.1 g, 1.3 mmol) was dissolved in the 
mixed solvent system: THF (16mL), methanol (4 mL), and water (8 mL). 
Powdered lithium hydroxide hydrate (540 mg, 13.2 mmol) was added. The 
light yellow slurry was stirred at rt for 1 5 h. and then concentrated in vacuo. 
The residue was partitioned between ether and water. The ether phase was 
discarded, and the aqueous phase was treated with 1 N HCl until the pH was 
4. This acidic solution was extracted with ethyl acetate four times. The 
combined ethyl acetate extracts were dried (MgS04) and concentrated in 
vacuo to give 878 mg (85%) of compound 144 as apuiple solid. ^HNMR 
(CD3OD. 300 MHz) 51.11, 1.31 (s. 9 H), 1.56-1.68 (m,. 4 H), 2.04-2.16 (m, 2 
H), 2.42-2.66 (m, 2 H), 2.68-2.75 (m, 1 H), 3.22-3.30 (m, 2 H), 3.48-3.63 (m, 
2 H), 4.02-4.14 (m, 1 H), 4.46 (d, J^12.44 Hz, 1 H). 4.62 (t, J^.42 Hz, 1 H). 
4.70-4.73 (m, 1 H), 5.64 (m, 2 H), 5.90 (s, 1 H), 7.36 (d, ^5.86 Hz, 1 H), 
7.57 (t, ^.68 Hz, 1 H), 7.71-7.87 (m, 5 H), 7.98 (d, J^5.86 Hz, 1 H). 8.15 
(m, 1 H), 8.22 (d, y=8.05 Hz, 1 H). LC-MS (Method D, retention time; 2.78 
25 min), MS m/z 779 (M*+l). 



f 

i 

I 
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Step 39e: Preparation of compound 145 



5 




compound 145 

Compound 144 (0.878 g, 1.1 mmol) was dissolved in 15 mL of THF and 
1 0 treated with GDI (255 mg, 1 .58 mmol). (Care was taken to avoid moisture by 
using oven dried glassware and maintaining a dry N2 atmosphere.) After 
refluxing the reaction mixture for one hour, it was cooled to rt and treated 
sequentially with cyclopropylsulfonamide (194 mg, 1.6 mmol) and DBU (245 
mg, 1.6 mmol). Afto: stirring for 24 h at rt, the THF was removed by rotary 
1 5 evaporation. The residue was partitioned between ethyl acetate and pH 4 
buffer. The organic phase was dried (MgS04) and concentrated in vacuo to 
give the crude product Flash chromatography (3% MeOH/methylene 
chloride) gave 0.68 g (70%) of compound 145 as aM*ite solid. ^HNMR 
(CD3OD, 300 MHz) 5 1-07-1.37 (m, 13 H), 1.1 1 (s, 9 H), 1 .60^1,78 (m, 4 H), 
20 1.97-2.02 (m, 1 H), 2.28-2.35 (m, 1 H), 2.44-2.51 (m, 1 H), 2.75-2,68 (m, 1 
H), 2.75-2.80 (m, 1 H), 2.94-3.00 (m, 1 H), 3.20-3.25 (m, 1 H), 3.28-3.47 (m, 
2 H), 3.57-3.62 (m, 1 H), 4.05-4.08 (m, 1 H), 4.51 (d, J^12.21 Hz, 1 H), 4.65- 
4.68 (m, 1 H), 4.84 (m, 1 H), 5.15-5.23 (m, 1 H), 5.70-5.75 (m, 1 H), 5.94 (s, 
1 H), 7.35 (d, J^AO Hz, 1 H), 7,57 (t, 7=7.32 Hz, 1 H), 7.74 (t, J^.78 Hz, 1 
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H), 7.78-7.89 (m, 4 H), 8.00 (d, J^M Hz, 1 H), 8.20-8.25 (m. 2 H). LC-MS 
(Method D, retention time: 2,89min), MS m/z 882 (MVI). 



5 Examnle 40: Preparatin n of Comp nnnd 1S1 




Conq)ound 151 

10 

To a mixture of compound 145 (680 mg, 0.77 mmol) in acelonitrile (20 mL) 
was added potassium carbonate (319 mg, 2.31 mmol) and benzenefliiol (186 
mg, 1.69 mmol). The mixture was stirred at rt ovemi^t and then 
concentrated in vacuo. The residue was diluted with water, and this aqueous 
15 solution was adjusted to pH 5 with 1 N HCl. A white soUd precipitated 
formed in the solution. This heterogeneous mixture was extracted with ethyl 
acetate (3x). The combined extracts were dried (MgS04) and conceaitrated to 
yield a li^t yellow solid. This cmde soUd was then triturated with hexane 
several times to yield 510 mg (95%) of compound 151 as an off-white solid. 
20 'H NMR (CD3OD, 300 MHz) 5 1.06-1.88 (m, 13 H), 1.23, 1.31 (s, 9 H), 1.65 
(dd, J^JO, 5.67 Hz, 1 H), 1.80 (dd, J=S.23, 5.67 Hz, 2 H), 2.03 (brs, 1 H), 
2.18 (br s, 1 H), 2.37-2.52 (m, 3 H), 2.85-2.99 (m, 2 H), 3.09-3.15 (m, 1 H), 
3.27 (m, 1 H), 3.44 (m, 2 H), 4.15-4.20 (m, 1 H), 4.46 (m, 1 H), 4.74-4.85 (m, 
2 H), 5.32 (t, J^IO.25 Hz. 1 H), 5.71 (m, 1 H), 5.98(br s, 1 H), 7.37 (d. ^5.86 
25 Hz, 1 H), 7.58 (t, ^"=8.23 Hz, 1 H), 7.74 (t, J^.68 Hz, 1 H), 7.85 (d, ^8.05 
Hz.l H), 8.00 (d, J^5.86 Hz, 1 H), 8.22 (d, J=8.05 Hz, 1 H). LC-MS (Method 
D, retention time: 2.01 min), MS m/z 697 (M^+1). 
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Kifflmple 41: Preparation of Compound 146 



5 




Compound 146 

To a mixture of compound 15 1 (20 mg, 0.029 mmol) in 2 mL of DCM was 
10 added triethylamine (14 mg, 0. 138 mmol) and acetic anhydride (8 mg, 0.078 
mmol). This reaction mixture was stirred at rt for 2 h, and then concentrated 
in vacuo. The residue was dissolved in methanol and purified by preparative 
HPLC (YMC XTERRA, S5, 30x50 mm, gradient: 45% B to 85% B, 15 min, 
hold 2 min, flow rate 25 mL/min) to give lOmg (47%) of compound 146 as a 
15 white soUd.^H NMR (CD3OD, 300 MHz, 60^C) 8 1.08-1.22 (m, 13 H), 1.55- 
1.74 (m, 4 H), 2.09-2.21(m, 2 H), 2.13 (s, 3 H), 2.33-2.48 (m, 2 H), 2.66-2.75 
(m, 1 H), 2.90-2.99 (m, 1 H), 3,12-3.25 (m, 2 H), 3.45-3.60 (m, 2 H), 3.75- 
3.84 (m, 1 H), 4.98-4.05 (m, 1 H), 4.70 (t, ^.68 Hz, 1 H), 4.89-4.97 (m, 1 
H), 5.26 (t, ^10,43 Hz, 1 H), 5.2-5.75 (m, 1 H), 5.92 (s, 1 H), 7.29 (d, J^5.86 
20 Hz, 1 H), 7.50 (t, JS=7.50 Hz, 1 H), 7.64-7.69 (m, 1 H), 7.77 (m, 1 H), 7.95 (d, 
•^5.86 Hz, 1 H), 8.18 (d, J^.78 Hz, 1 H). LC-MS (Method D, retention time: 
2.64 min), MS m/z 739 (M:*'+1). 



25 Example 42: Preparation of Compound 147 
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Compound 147 

5 To a mixture of compound 151 (100 mg, 0.144 mmol) in 5 mL of DMF was . 
added potassium carbonate (40 mg, 0.290 mmol) and methyl iodide (ISjiL, 
0.21 mmol). This reaction mixture was stined at rt for 2 h. It was then 
concentrated m vacuo. The residue was dissolved in methanol and purified by 
preparative HPLC (YMC XTERRA. S5. 30x50 mm, gradient: 45% B to 70% 
10 B, 15 min, hold 2 min, flow rate 25 mL/min) to give 75 mg (73%) of 

compound 147 as a white solid. 'H NMR (CD3OD, 300 MHz, 60 °C) 8 1.02- 
1.28 (m. 13 H). 1.64 (dd,js=9.70. 5.67 Hz. I H), 1.72-1.81(m, 2 H), 1.91-2.10 
Cm. 1 H). 2.13-2.30 (m. 1 H), 2.36-2.50 (m, 2 H), 2.54-2.68 (m, 1 H).2.76- 
2.99 (m. 2 H). 3.05 (s, 3 H). 3.1 1-3.46 (m. 4 H), 3.79-3.96 (m. 1 H). 4.17 (m. 
15 1 H). 4.76 (m, 2 H). 5.3 1 (t, J=10M Hz. 1 H). 5.71 (m, 1 H), 5.99 (s. 1 H). 
7.33 (d, .7^5.86 Hz, 1 H), 7.55 (t, J^.SO Hz. 1 H), 7.70 (t, ^.68 Hz. 1 H), 
7.81 (m, 1 H), 7.96 (d, ^-=5.86 Hz, 1 H), 8.17 (d. J^.42 Hz. 1 H). iLC-MS ' 
O^ethod D, retention time: 1.98 min), MS wfe 71 1 (M*+l), 



20 

Example A-^- Preparation of CompoiinH 14« 
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Compound 148 

5 To- a mixture of compound 151 (20 mg, 0.029 mmol) in 2 mL of DCM was 
added diisopropylamine (15 )xL, 0.086 mmol) and methyl chlorofonnate (8 
mg, 0.085 mmol). This reaction mixture was stirred at rt for 2 h, and then 
concentrated in vacuo. The residue was dissolved in methanol and piuified by 
preparative HPLC (YMC XTERRA, S5, 30x50 mm, gradient: 50% B to 90% 

10 B, 15 min, hold 2 min, flow rate 25 mL/min) to give 15 mg (69%) of 

compound 148 as a white solid. ^HNMR (CD3OD, 300 MHz) 5 1.09 (s. 9 H), 
1.07-1.45 (m, 13 H), 1.56-1.61 (m, 1 H), 1.70-1.76 (m, 3 H), 2.95-2.10 (m, 1 
H), 2.13-2.26 (m, 1 H), 2,33-2.55 (m, 2 H), 2.71-2.78 (m, 1 H), 2.93-3.02 (m, 
1 H), 3.33 (m, 2 H), 3.48-3.57 (m, 2 H), 3.75 (s, 3 H), 4.04-4.12 (m,l H), 4.64 

15 (t, J^8.42 Hz, 1 H), 4.90 (m, 2 H). 5.19 (t, ^10.25 Hz, 1 H), 5.69-5.77 (m, 1 
H), 5.93 (s, 1 H), 7.34 (d, ^5.86 Hz, 1 H), 7.55 (t, ^.95 Hz, 1 H), 7.72 (t, 
^.32 Hz, 1 H), 7.83 (d, J5=7.32 Hz, 1 H), 7.98 (d, .^5.86 Hz, 1 H), 8.20 (d, 
^.42 Hz, 1 H), 9.21 (s, 1 H). LC-MS (Method D, retention time: 2.75 min), 
MS m/z 755 (M*^+l). 

20 



Example 44: Preparation of Compound 150 
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15 




BocHN'-V-H ° 




Compound 150 



To a mixture of compound 151 (20 mg, 0.029 mmol) in 2 mL of DCM was 
5 added diisopropylamine (15 |iL, 0.086 mmol) and tert-butyl isocyanate (SpL . 
0.058 mmol). The reaction mixture was stirred at rt for 2 h. and then 
concentrated in vacuo. The residue was dissolved in methanol and purified by 
preparative HPLC (YMC XTERRA, S5. 30x50 mm, gradient: 55% B to 90% 
B, 15 min, hold 2 min, flow rate 25 mL/min) to give 15 mg (65%) of 
10 compound 150 as a white solid (15mg, 65%). 'H NMR (CD3OD, 300 MHz) 5 
1.06-1.34 (m, 13 H), 1.21 (s, 9 H), 1.40 (s. 9 H), 1.58-1.75 (m, 3 H), 1.97- 
2.09 (m. 1 H), 2.1 1-2.23 (m, 1 H). 2.37-2.50 (m. 2 H). 2.69-2.82 (m. 1 H), 
2.94-3.04 (m, 1 H), 3.22 (m. 1 H), .36-3.46 (m, 2 H). 4.12 (d, J^12.44 Hz, 1 
H), 4.39 (d, J^l 1.34 Hz. 1 H), 4.50-4.57 (m. 1 H), 4.69 (t, J^.23 Hz, 1 H), 
5.20-5.27 (m, 1 H). 5.69-5.78 (m, 1 H). 5.90 (s. 1 H), 7.34 (d, J^.86 Hz, 1 
H). 7.57 (t, J^.14 Hz, 1 H), 7.73 (m, 1 H), 7.83 (m. 1 H), 7.98 (d, J^SM Hz, 
1 H), 8.24 (d, J^.05 Hz, 1 H). LC-MS (Method D. retention time: 3.04 min). 
MS m/z 796 (M*+l). 



20 Example 45; Preparatio n of Comp onnH 1 
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Compoimd 153 

5 To a mixture of compound 151 (20 mg, 0*029 mmol) in 2 mL of DCM was 
added diisopropylamine (15 |xL, 0.086 mmol) and methanesulfonyl chloride 
(5|xL 0.065 mmol). The reaction mixture was stirred at rt for 2 h, and then 
concentrated in vacuo. The residue was dissolved in methanol and purified by 
preparative HPLC (YMC XTERRA, S5, 30x50 mm, gradient: 50% B to 90% 

10 B, 15 miTi^ hold 2 min, flow rate 25 mL/min) to give 17 mg (76%) of 

compound 153 as a white solid. NMR (CD3OD, 300 MHz) 5 1.02-L49(m, 
13 H), 1.59 (m, 1 H), 1.72-1.86 (m, 3 H), 1.96-2.09 (m, 1 H), 2.37-2.50 (m, 2 
H), 2.63-2.80 (m, 2 H), 2.91-3.08 (m, 5 H), 2.97 (s, 3 H), 3.22-3.45 (m, 3 H), 
4.19 (dd, ^1 1.89, 3.48 Hz, 1 H), 4.52 (d, J^l L71 Hz, 1 H), 4.62 (dd, J^.88, 

15 7.32 Hz, 1 H), 4.83-4.96 (m, 1 H), 5.17 (t, ^10.06 Hz, 1 H), 5.75 (m, 1 H), 
5.94 (s, 1 H), 7.33 (d, J=5.i6 Hz, 1 H), 7.57 (d, J^=8.05 Hz, 1 H), 7.72 (t, 
J^,50 Hz, 1 H), 7.82 (m, 1 H). 7.99 (d, js=6.22 Hz, 1 H), 8.20 (d, ^.42 Hz, 
1 H). LC-MS (Method D, retention time: 2.59 min), MS m/z 775 (M^+1). 

20 

Example 46: Preparation of compound 141: rfZWlS.4R,13S.17RV4- 
cvclopropanesi Tlfi^TiYlaTntTinr^on yU17-f6-methoxv-isoauinolin-l-vl^^ 
dioxo-10-oxa-3.15-diaza-tricvclori3.3.0.Q'^'^octadec-7-en-13-y 11-cflrhami acid tert- 

butvl ester 

25 
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HeO. 




O 




compound 141 



5 



Step 46a: Preparation of (S)-4-aUvloxv-2-(^er^butoxvcarbonvlainino)butvric acid 



To a mixture of sodium hydride (913 mg, 22.8 nunoL) in DMF at O^C was added N- 
t-Boo-L-homoserine (2 g, 9.13 mmoL). This reaction mixture was stirred at 0°C for 
15 min^ and then allyl bromide (1.38 g, 1 1.4 mmoL) was added The mixture was 
warmed up to rt, and stirred for 2 h. It was then concentrated in vacuo. The residue 

15 was diluted with water, and sequentially washed with hexane and ether. The organic 
layers were discarded, and the aqueous layer was carefully adjusted to pH 3 with 1 N 
HCl. This acidic aqueous solution was extracted with ethyl acetate. The organic 
phase was dried (MgS04), and concentrated in vacuo to yield 2.2 g (93%) of (S)-4- 
allyloxy-2-(fe7-/-butoxycarbonylariiino)butyric acid as a colorless oil. NMR (300 

20 MHz, CD3OD) 5 1.42 (s, 9 H), 1.80-1.90 (m, 1 H), 2.04-2.16 (m, 1 H), 3.50-3.54 (m, 
2 H), 3.97 (d,J=439 Hz, 2 H), 4.23 (dd, J^8.78, 4.39 Hz, 1 H), 5.15 (d, ^10.25 Hz, 
1 H), 5.26 (dd, J=17.38, 1.65 Hz, 1 H), 5.84-5.97 (m, 1 H). This starting material was 
employed in the synthesis of (lR,2S)-ethyl l-((3R,5S)-l-((S)-4-(allyloxy)-2-(tert- 
butoxycarbonyl)butanoyl)-3-(6-methoxyisoqiunolin- 1 -yloxy)pyrrolidiae-5- 

25 carboxamido)-2-vinyIcyclopropane-carboxylate as described in example 2. 



o 




10 
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5 



Step 46b: Preparatiop of (7U1S 4P 13S.17R^-i:»-..^-i..rt oxvc«H,nnvWn^i>7_^^ 
pietfaoxv-isoQumQlin-1-v1nvY V 2.14-dinvn.in-oxa-:^1f-HiaT»- 
tripYclorP.3.0.0'''^1octadec-7-«^p-4^arix..vl,V...4H ..i,y i ..... 




A solution of (lR^S)-ethyI l-((3R.5S)-l-((S>4-(allyloxy>2-(tert. 
butox3«arbonyl)butanoyl)-3<6-methoxyisoquinolm-l-yloxy)pyrroUdine-5- 
10 carboxaniido)-2-vinylcyclopropaaecaiboxylate (220 mg, 0.33 nimol) in 84 mL of 
methylene chloride was added tricycIohexyIphosphine[1.3-bis(2,4,6-trimethyl- 
phenyl)-4,5-dihydroinudazol-2.ylideae][l?enzyiidene]-mtheniiim (IV) dichloride (27 
mg, 0.032 mmol). The light orange homogeneous solution was refluxed for 3 h to 
give a dark orange solution. At this time another portion of the ruthenium catalyst (13 

15 mg, 0.016 mmoL) was added, and refluxing was continued for another 2 h. The 
reaction mixture was cooled to rt, and concentrated in vacuo to give an orange oil. 
Flash chromatography (ethyl acetate then 10% MeOH in ethyl acetate) gave 174 mg 
(80%) of (Z)-(l S.4R, 1 3S. 1 7R)-1 S-terT-butoxycarbonylamino-l 7-(6-methoxy- 
isoquinolin-l-yloxy)-2,14-dioxo-10-oxa-3,15-diaza-tricyclo[13.3.0.0^'<^octadec7- 

20 ene-4-carboxyHc acid ethyl ester as a white soHd. LC-MS (Method A. retention time: 
3.74 min), MS m/z 639(M*+1). 



Step 46c: Preparation of compounds 140 aTirf 141 • 
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^1 





N 





comound 140 compound 141 

(ZKlS.4R,13S,im)-13-/err-bmoxycaibonylaniino-17-(6-methoxy-isoqum^^^ 
yloxy).2.14.dioxo-10.oxa.3.15-diaza-tric3^1o[13.3.0.0^.«]oc^ 
acxd ethyl ester was hydrolyzed according to Example 2 (step 2E) to give compound 
140. Compound 140 was converted to compound 141. [(Z)-(lS.4R.13S,17R)-4- 
cyclopropanesulfonylaminocaibonyl.l7.(6.methoxy-isoquinolin-l.ylox^^^^ 
dioxo-10-oxa-3,15-diaza-tricyclo[133.0.0^-«]octadec-7-en-13-yl]^^ acid tert- 
butyl ester, according to Example 7. LCMS (Method A. retention time: 3.51min) 
MS m/z 714(M*+l). 



E^^Pl^ 47: 0<^eral procediTre for nren^n. P4^.^,^.| ,, 

Preparation of compound Sfi; \(7)^ \S.ARAAS^ ;\fi\i>^^ 

cvclopropanesi,]fonvlaminocari>onvl-l«-ri«nq „,„»i.wi ,vio,v^.^ i^^;^^^^ 

■diaza-tricyclorM ^ 0 0^>%on>.dnr 7-en-14-vn...,.K.»,.-e^.-H i ■„,..>,y,.^,.,^^„^., 
ester 



20 
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5 Step 47a: Preparation of 1-metfavlcvclobutanol: 

o 

il MeMgl 
N/^ ether 

To a solution of 6 mL of methylmagnesium iodide (3M in ether) at «-10°C was added 
10 cyclobutanone (1 g, 14.3 mmol) dropwise. The mixture was stirred for 2.5 h (-10°C 
to rt). Dilute HCl was added to the reaction mixture until all of the precipitate was 
dissolved. The homogeneous reaction mixture was extracted with ether (2x). The 
combined ether extracts were dried (MgS04), filtered, and concentrated in vacuo to 
give 0.9 g (73%) of 1-methylcyclobutanol as a yellow oil. 

15 

Step 47b. Preparation of ^fZV^flS>4R.14S,18R^-4■ 
cvclop^opanesulfonvlam tr»^nRrh onvl- 1 8-f isoouinolin-l -vloxvV2. 1 S-<lioxo-3, 1 6- 
diaza -^rir-yrtln f l4.3,0,0'*'^nonadec-7"en-14-vl1-^ arHa^^ acid 1-methvl-^vclobutvl 
ester 

20 

To a slurry of KH (400mg, 35% in oil, 3.5 mmol) was added 5 mL of hexane. 
It was stirred for 5 tnm^ and then the hexane was removed. This process was repeated 
three times. THF (5 mL) was added to this prewashed KH, and then 1-methyl- 
cyclobutanol (200 mg, 2.3 mmol) was added at O^C. The mixture was stirred (O^C to 
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It) for 1 h, and then carbonic acid dipyridm-2-yl ester (753 mg, 3.5 mtnol) was added. 
The mixture was stirred at rt for 4h, and the reaction was diluted with sat aq. NH4CL 
The mixture was then extracted with EtO Ac, and the solvent was removed in vacuo 
to obtain 200 mg of the crude carbonic acid 1-methyl-cyclobutyl ester pyridin-2-yl 
5 ester as an orange solid. It was used directly in the next step without further 
purification. 

To a suspension of 50 mg (0.073 mmol) of compound 1 1 [l-(2-Amino-3,3- 
dimethyl-butyryl)-4-(6-methoxy-isoquinolin- 1 -yloxy)-pyrrolidine-2-carboxylic acid 
(1 -cyclopropanesulfonylaminocarbonyl-2-vinyl-cyclopropyl)-amide bis 

10 hydrochloride salt] in CH2CI2 was added diisopropylethylamine (29 mg , 0.22 
mmoL) and 70 mg ( 0.33 mmol) of the reagent above (carbonic acid 1-methyl- 
cyclobutyl ester pyridin-2-yl ester). This reaction mixture was stirred at rt overnight, 
and then concentrated in vacuo. The residue was purified by preparative HPLC to 
give 32 mg (62%) of compoxmd 56 as a white solid. Preparative HPLC condition: 

15 YMC XTERRA, S5, 19x100 mm, gradient: 50% B to 90% B, 15 min, hold 2 min, 
flow rate 25 mL/min. LC-MS (Method A, retention tune: 3.47 min), MS m/z 708 
(M^+1). 

Compound 59 was prepared by the general method used for compound 56 
20 (example 47): 1-methylcyclopropanol was converted to the reagent carbonic acid 1- 
methyl-cyclopropyl ester pyridin-2-yl ester was prepared according to the method 
above (example 47). l-Methyl-l-cyclopropanol was prepared by a sligjht modification 
of the procedure described by Kulinkovich, O.G,; Sviridov, S.V.; and Vasilevski, 
D.A- Synthesis, 1991, 234: To a stirred solution of methyl acetate (1.85 g, 25 mmol) 
25 and Ti(OPr-z)4 (744 fiL, 2.5 mmol) in dielliyi ether (80 mL) is added ethyhnagnesium 
bromide (3M solution in diethyl ether) (18 mL, 53 mmol) in diethyl ether (60 mL) 
slowly over a period of Ih while maintaining the reaction temperature at 18-20 ^'C. 
Once the addition is complete, stirring is continued for 10 min. The mixture is poured 
into cooled (5 ^C) 10% aq. H2SO4 (250 mL) and the product is extracted with diethyl 
30 ether (3 x 50 mL). The combined ether extracts are washed with water (50 mL), dried 
(MgS04), and carefully concentrated by rotory evaporation ('-20 torr, rt) to give 1 .7 g 
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Of l-methyl-l-cyclopropanol (purity~80%). 'H NMR (300 MHz. CDCI3) 5 0.42-0.45 
(m, 2 H). 0.73-0.77 (m, 2 H), 1.44 (s. 3 H), 1.64 (br s, 1 H), 

The following compounds were also prepared using the genraal procedure 
5 above: compound 50 was prepared from 1-methylcycIopentanol; compounds 39 and 
51 were prepared from l.I,l-trifluoro-2-methylpropan-2-ol. compound 55 was 
prepared from l,l-difluoro-2-methylpropan-2-ol (l.l-difluoro-2-me1hylpropan-2-ol 
was prepared according to the procedure described by Dickey, J. B.and Towne, E. B. 
US2700686), compounds 40 and 52 were prepared from l-chloro-2-mefliylpiopan-2- 
10 ol, compound 124 was prepared from l,l,l-trichloro-2-methylpropan-2-ol, 

compound 123 was prepared from 3-hydroxy-3-methylbutan-2-one, and compound 
139 was prepared from S-tert-butyl 0-4-mtrophenyl carbonothioate (shown 
below)Crhis reagent was prepared as discribed by E.M. Gordon, J.C. Banish, G.S. 
Bisacchi, C-Q. Sun, J.A. Tino, G.D. Vite, and R. Zahler in US005559256A.). 



15 



20 



25 



Examplp. 48. Preparation of compound 126. 




H o o 




compound 126 

To a mixture of compound 11 {cyclopropanesulfonic acid [14-amino-18- 
(isoquinolin-l.yloxy)-2,15Kiioxo-3J6-diaza-Mcyclo[143.0.0'^'^]^^ 
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carbonyl]-aniide bis hydrochloride} (20 mg, 0.029 mmol) in 2 mL of DCM was 
added 18 mJL (0.10 mmol) of DIPEA and 4 mg (0.04 mmol) of t-butyl isocyanate. The 
mixture was stined at rt overnight It was then dUuted with EtOA,c and washed with 
pH 4 buffer (2x) and brine (Ix). The organic phase was dried (MgS04) and 
5 concentrated in va6no to give the cmde product The resulting oil was dissolved m 
methanol and purified by pr^aiative HPLC (YMC XTERRA, S5, 19x100 mm, 
gradient 50% B to 100% B, 15 mm, hold 2 min, flow rate 25 mL/min) to isolate 
compound 126 as a white powder (17 mg, 82%): LC-MS (Method D, retention time: 
3.24 min), MS m/z 695 (ht+l). NMR (300 MHz, CDCI3) 8 0.86-0.96 (m, 2 H), 
10 1.12 (s, 9 H), 1.01-1.49 (m, 18 H), 1.52-1.66 (m, 1 H), 1.70-1.78 (m, 1 H), 1.83- 

1.95(m. 2 H), 2.14-2.25 (m, I H), 2.49 (brs. 1 H)„ 2.71 (m, 2 H), 2.86-2.92 (m, 1 H), 
4.07 (dd, y=l 1.71, 4.03 Hz, 1 H), 4.40-4.44 (m, 1 H), 4.62-4.69 (m, 2 H), 4.94-5.00 
(m, 1 H), 5.65-5.74 (m, 1 H), 5.97 (br s. 1 H). 7.03 (s, 1 H). 7.32 (d. Hz, 1 H). 

7.50-7.52 (m, 1 H), 7.68-7.78 (m, 2 H), 8.00 (d, J5=5.86 Hz, 1 H), 8.22 (d, J5:^.68 Hz, 
15 1 H), 10.15 (s, 1 H). 
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Step 49a: Preparation of l-iri-r2~tert-Butoxvcarbonvlamino-iion-8-eiiovlV4-(tert>. 
biiiyl.^imftt1iYl silanvloxv)-p\aToUdine-2-(^bonvl1-ainm 
vinvlcvclopropanecarfaoxvlic acid ethvl ester 

10 

TBDMSO 




To a mixture of l-{[l-(2(lS)-ter^ButoxycarbonylamiIlo-•non-8-enoyl)-4(i^)-hydroxy- 
py^:olidine-2(5)carbonyl]-(li^)-aInino}-2(*S)-viny^cyclop^opaneca^box acid ethyl 
15 ester (1 .5 g, 2.87 mmoL)in 10 mL of DMF was added imidazole (0.25 g, 3.67 mmoL) 
and tert-butyl-dimethylsilyl chloride (516 mg, 3.44 mmoL). The mixture was stirred 
at rt for two days. The reaction mixture was then concentrated in vacuo, and the 
residue was dissolved in ethyl acetate. This solution was washed with water, dried 
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over magnesium sulfate, and concentrated in vacuo to obtain a crude soUd. 
Purification by flash chromatography (eluting with 20% ethyl acetate in hexane) gave 
1.43 g (78%) of l-{tl-(2-tert-butoxycaibonylamino-non-8-enoyl)-4-(tert- 
butyldimethylsilanyloxy)pyrroKdiae-2-carbonyl]-amino>-2- 
5 vinylcyclopropanecarboxylic acid ethyl ester as a white solid. 

'H NMR (300 MHz, CD3OD) 6 0.10 (s,6 H), 0.89 (s. 9 H), 1.22 (m. 3 H). 1.31-1.48 
(m, 16 H), 1.50-1.75 (m, 3 H), 2.06 (m, 3 H), 2.11-2.33 (m. 2 H). 3.70 (m, 2 H). 4.03- 
4.19 (m. 2 H). 4.21 (m, 1 H), 4.45 (t. .^.87 Hz, 1 H). 4.59 (m. 1 H). 4.91 (d. j:=9.15 
Hz, 1 H). 4.98 (d, .^1 7.20 Hz. 1 H). 5.08 (dd, J^IO.25. 1.83 Hz, 1 H), 5.27 (dd, 

10 .7^17.38. 1.65Hz. 1 H). 5.65-5.87 (m, 2 H). LC-MS (Method A, retention time: 4.00 
min). MS m/z 636 (M*+l). 

Step 49b: Preparation of 14-tert-hl.fn xvca^bonv1an1ino-18-f«Bl^t■hl.tvlHiTT.»t],Y^- 
1^ silanyloxY)-2,15-dioxo-3.16-diaza-tricvclnn4^ 0.0^>^1nonad^.-7-ene-4-carhnxv1,r. 
acid ethvl ester 



TBDMSO 




To a solution of l-{[l-(2-tert-butoxycarbonyIamino-non-8-enoyl)-4-(tert-butyl- 
dimethyl-siIanyloxy)-pyrroIidine-2-carbonyl]-amino}-2-vinyl- 
cyclopropanecarboxylic acid ethyl ester (1.63 g, 2.56 mmoL) in 640 mL of 
methylene chloride was added 215 mg (0.26 mmoL) of tricyclohexylphosphine[l .3- 
bis(2,4,6-tri[benzyUdene]ruthenium(IV)dichloride. The mixture was heated at reflux 
for 15 min. The residue was concentrated in vacuo, and then purified by flash 
chromatography eluting with 30 % ethyl acetate/hexane. To fiirther decolorize the 
sample, the crude product was chromatographed a second time eluting with 50% 
ether in hexane to give 1.5 g (96%) of 14-tert-butoxycarbonylamino-18-(tert-butyl- 
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dimethyl-silanyloxy>2J5Kfioxo-3,16.Klia2a-tri(grclo[143.0.0'*'«]nona^ 
caiboxyUc acid efliyl ester as a white soUd. 'H NMR (500 MHz, CD3CI) 5 0.06 (s, 3 
H), 0.07 (s. 3 H). 0.86 (s, 9 H). 1.18-1.24 (m. 6 H), 1.34-1.64 (m, 14 H), 1.86-1.96 
(m, 3 H). 2.02-2.09 (m. 1 H), 2.1 1-2.17 (m, 1 H). 2.19-2.28 (m. 1 H). 2.57-2.63 (m. 1 
5 H), 3.50-3.54 (m, 1 H), 3.71 (dd, ^10.22, 6.26 Hz. 1 H), 4.06-4.17 (m. 2 H), 4.52- 
4.58 (m, 2 H), 4.75 (d. J^8.55 Hz, 1 H), 5.21 (t. J^.92 Hz, 1 H), 5.35 (d, J^.63 Hz, 
1 H), 5.45-5.50 (m. 1 H), 6.94 (s.l H). LC-MS (Meliiod A, fetention time: 3.88 min), 
MS ffi/z 608 (M*+l). 

^ Step 49c: Preparation of 1 4-tert-hiifovY nn rbnnvlaminn-l 8-rtert-butvl-fHm«thYl. 
silanyloxvV2a5-dioxo-3.16-diaza-fn>.v olori4.3.00^'<'lnanadec-7-en«.4-carfaoxvhc 



To a solution of 14-tert-butoxycarbonylamino.l8-(terfc-biityldimethylsilanyloxy)- 
2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0*'*^nonadec-7-ene-4-carboxyUc acid ethyl 
ester (1 .5g, 2.47nimoL) in a mixed solvent system of THF (4 mL), methanol (1 mL), 
and water (2 mL), was added powdered lithium hydroxide monohydrate (1.0 g, 50 
mmoL). The Ught yellow slurry was stirred at rt under N2 for 4 h. The mixture was 
then concentrated in vacuo, and the r^idue partioned between ether and water. The 
ether phase was discarded, and the aqueous phase was treated with 1 N HCI until 
reaching pH 4. This acidic sohition was extracted with EtOAc (3x). The combined 
EtOAc extracts were dried (MgS04), and concentrated in vacuo to give 12. g (84%) 
of 14-tert-butoxycaj*onylamino-18-(tert-butyl-dmiethyl-silanyloxy)-2,15-dioxo- 
3,16-diaza-tricyclo[14.3.0.0^'*]nonadec-7-ene-4-carboxylic acid as an off-white solid. 
'H NMR (300 MHz, CD3OD) 0.12 (s. 6 H), 0.89 (s, 9 H). 1.23-1.64 (m. 17 H). 1.70- 
1.87 (m, 1 H), 1.90-2.49 (m. 6 H), 3.70-3.80 (m,l H), 3.83-3.90 (m, 1 H), 4.28-4.36 



acid 



TBDMSg 



15 
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(m, 1 H), 4.47-4.55 (m, 1 H), 4.65 (s, 1 H), 5.30-5.39 (m, 1 H), 5.53-5.62 (m, 1 H). 
LC-MS (Method A, retention time: 3.69 min), MS m/z 580 

Step 49d: Preparation of ri8-ftert-butY l-dimftt hvUsilanvloxvV4- 
5 cvclopronanesulfonvlaminocarbon vl-2, 1 5-dioxo--3 . 1 6-dia2a- 

tricvclori4.3.0.0'^*^1nonadec-7'-en-14-vl'|-carharmc acid tert-butvl ester 



TBDMSO 




10 

1 4-tert-Butoxycarbonylamino- 1 8-(tert-butyldimethylsilanyloxy)-2, 1 5-dioxo-3, 1 6- 
diaza-tricyclo[14.3.0.0'*'^]nonadec-7-ene-4-carboxylic acid (500 mg, 0.86 mmoL) was 
dissolved in 25 mL of THF and treated with GDI (180 mg, 1.12 mmoL). (Care was 
taken to avoid moisture by using oven dried glassware and maintaining a dry N2 

15 atmosphere). After refluxing the reaction mixture for 2 h, it was cooled to rt and 
treated sequentially with cyclopropylsulfonamide (135 mg, 1.12 romoL) and DBU 
(170 mg, 1.12 mmoL). The reaction mixture was stirred for 4 h at rt, and the THF 
was removed by rotary evaporation. The residue was partitioned between ethyl 
acetate and pH 4 buffer. The organic phase was dried (MgS04) and concentrated in 

20 vacuo to give the crude product It was then purified by flash chromatography 

(eluting with 33% ethyl acetate in hexane) to give 300 mg (51%) of [18-(te^t-butyl- 
dimethyl-siIanyloxy)-4-cyclopropanesldfonylaminocart)onyl-2,l 5-dioxo-3,l 6-diaza- 
tricyclo[14.3.0.0'**^]nonadec-7-en-14-yl]-carbamic acid tert-butyl ester as a white 
soUd, NMR (300 MHz, CD3OD) 5 IH 0.07 (s, 3 H), 0.08 (s, 3 H), 0.85 (s, 9 H), 

25 0.87-1.49 (m, 21 H), 1.73-1.95 (m, 3 H), 2.08-2.16 (m, 1 H), 2.25-2.36 (m, 2 H), 
2.42-2.56 (m, 1 H), 2,85-2.93 (m, 1 H), 3.65-3-74(dd, js=10.61, 3.66 Hz, 1 H), 3.89 
(d, ^10.25 Hz, 1 H), 4.34 (m, ^.70, 9.70 Hz, 1 H), 4.43 (t, J^.87 Hz, 1 H), 4.57 
(s, 1 H), 4.94-5.01 (m, 1 H), 5.10 (d, J=%n% Hz, 1 H), 5.66-5.75. (m, 1 H), 6.55 (s, 1 
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H), 10.13 (s, 1 H). LC-MS (Method A, retention time: 3.81 min), MS m/z 683 
OVT+l). 

Step 49e: f4-CvclopropanesuIfonv1animocarfaonvl-18-hvdroxv-2,15-dioxo-3-l 
5 diaza-tricvclof 14.3,0.0'*'^nonadec-7-en-14-v1Vr^rViarm'c acid tert-butvl ester 



10 To a mixture of [18-(tert-buty^dimethylsiIanyIoxy)-4-cyclopropanesulfonyl- 
a^Ilinoca^bonyl-2 J 5-dioxo-3 4 6-diaza-tricyclo[ 1 4. 3 .0.O'^'^Jnonadec-y-en- 1 4-yl] 
carbamic acid tert-butyl ester (330mg, 0.48 mmoL) in 25 mL of THF was added 
tetrabutylammonium fluoride (150 mg, 0.54 mmoL). The reaction mixture was 
stirred at rt for 1 8 h, and then the THF was removed by rotary evaporation. The 

15 residue was partitioned between ethyl acetate and water. The organic phase was dried 
(MgS04) and concentrated in vacuo to give the crude product It was then purified by 
triturating with hexane to yield 200 mg (73%) of (4- 
cyclopropanesulfonylaminocarbonyl- 1 8-hydroxy-2, 1 5-dioxo-3, 1 6-diaza- 
tricyclo[14.3,0.0'^*^nonadec-7-en-14-yl)-carbamic acid tert-butyl ester as a white 



20 solid. NMR (500 MHz, CD3CI) 5 1.87-1.64 (m, 21 H), 1.70-1.98 (m, 3 H), 2.15- 
2.56 (m, 5 H), 2.85-2.94 (m, 1 H), 3.71 (d, ^13.91 Hz, 1 H), 4.10-4.26 (m, 2 H), 
4.51 (t, J^.87 Hz, 1 H), 4.62 (s, 1 H), 4.98 (m, 1 H), 5,06 (d, J^8.78 Hz, 1 H), 5.64- 
5.71 (m, 1 H), 6.72 (s, 1 H), 10.24 (s, 1 H). LC-MS (Method A, retention time: 2,85 
min), MS m/z 569 (M^+1). 



HO 




O 



O 



25 
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Step 49f: Preparation of compoTuid rfZ>-flS.4R.14S.18RV4- 
cvclopropaT ieCTilfnnYlflm i n ocariiQnvl-2.15-dioxo-18-f3-phcpvl^^ 
^,1fi,Hia7a,fricvclori4.3 ,0.0^'^nonadec-7-en-14-v l]-r^rha^ acid tert-butvl ester 



5 




compoomd 58 



To a mixture of (4-cyclopropanesulfonylammocarbonyl-18-hydroxy-2,15-dioxo-- 
10 3,16-dia2a-tricyclo[14.3.0.0'^'^]nomdec-7-en-14-yl)-carbaniic acid tert-butyl ester (20 
mg, 0.035 mmoL) in 1 mL of DMF was added potassium t-butoxide (22 mg, 0.196 
mmoL). The mixture was stirred at rt for 5 min, and then l-chloro-3- 
phenylisoquinoline (15 mg, 0.062 mmoL) was added The reaction mixture was 
stirred at rt for 15 h, and then concentrated in vacuo. This crude product was 

15 triturated with ether. The residue was dissolved in MeOH, and then purified by 

preparative HPLC.(YMC XTBRRA, S5, 19x100 mm, gradient: 60% B to 100% B, 15 
min, hold 2 min, flow rate 25 mL/min) to give 10 mg (39%) of compound 58, [(Z)- 
( 1 S,4R, 1 4S, 1 8R)-4-cyclopropanesulfonylaminocarbonyl-2, 1 5-dioxo- 1 8-(3-phenyl- 
isoquinolin-l-yloxy)-3,16-<iia2a-tricyclo[14.3.0.0'**^]nonadec-7-en-14-^^^ 

20 acid terr-butyl ester, as a white soUd. NMR (500 MHz, CD3CI) 6 0.90-1 .64 (m, 21 
H), 1.76-1.97 (m, 3 H), 2.26-2.31 (m, 1 H), 2.52-2.63 (br s, 1 H), 2,69-2.81 (m, 2 H), 
2,88-2.93 (m, 1 H), 4.1 1 (d, ^11.60 Hz, 1 H), 4.33 (m, 1 H), 4.61 (d, J=7.94 Hz, 2 
H), 4.99 (t, J^.31 Hz, 1 H), 5.05 (d, •7=7.93 Hz, 1 H), 5.69-5.74 (m, 1 H), 6.08 (s, 1 
H), 6.60 (s, 1 H), 7,38-7.47(m, 2 H), 7.50 (t, •7^=7.63 Hz, 2 H), 7.63 (t, ^.32 Hz, 1 

25 H), 7.71 (s, 1 H), 7.77 (d, js=8.24 Hz, 1 H), 8.10 (d, 7=^.32 Hz, 2 H), 8.18 (d, 

Hz, 1 H), 10.27 (s, 1 H). LC-MS (Method A, retention time: 3.72 mm), MS m/z 772 
(M'*+1). 
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The compounds of tables 2 and 3 were prepared employing the procedures 
described in the above examples: 




Table 2 



Cmpd 




R3 






R9 


Q 


Mass Spec. 
(M+H) 


1 














593 


17A 




— ^-OMe 




-V- 




''^^^^''^^^^ 


623 


ISA 




— ^-OMe 






-V" 




641 


27 




— ^-OMe 






-V" 




625 


61 




— ^-OMb 






-V" 




639 


79 




— ^-OMe 






— ^-Me 




669 
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Cmpd 






R7 






Q 


Mass Spec. 
(M+H) 


84 




— ^Me 


H 








625 


140 




— ^-OMe 






-V" 




611 


143 




— yOMe 




-V" 






609 


144 














779 
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Cmpd 


R23 






Rs 






Q 


Mass 
Spec. 
+ 

(M+H) 


2 




-I- 


J. H,H 


7 






0 


^ 670 

V 


3 


Me 




H, H 








n 


> 698 

L 


4 






H, H 






n 




. 696 

L. 


5 






H. H 










786 


6 


Mo 




H, H 








0. 


738 


7 






H,H 






0 






8 






H.H 






0 




710 


9 






H,H 










71ft 
/iU 


10 


V 




H,H 




7 




*^ a. 


698 


11 


V 


> 


H,H 


7 






a. 


596 


12 


V 




H,H 


-V" 




0 

H 


'V 


654 


13 






H.H 




-V" 




^ a 


710 


14 






H,H 


-V" 








724 
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Cmpd 


R23 








R9 




Q 


Mass 
Spec. 

(M+H) 


15 




-V 


H.H 




-V" 


H 




710 


16 






H,H 






H 


•V 


682 


I7B 






6- 

OMe, 
H 




^" 


H ^ 


a 


726 


18B 






6- 

OMe, 
H 


v** 




H 




744 


19 






6- 

OMe. 
H 


^ II 


I II 


O 

^11 1 ^ 
H . 




776 


20 






H,H 


V- 




H ^ 




708 


21 






H,H 






MeO 




706 


22 






H,H 


v« 




H 




678 


23 






H,H 






O 

H H 




681 


24 






H, H 


V- 




H 


^ »\ 


668 


25 






H,H 






K 


*^ 
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26 




-V 


H,H 




-V 


O 

H 
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28 




-V 


6- 

OMe. 
H 




-V" 


H ^ 
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29 






6- 

OMe, 
H 




-t" 


H 




742 
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Cmpd 


R23 








R9 


R7 


Q 


Mass 
Spec. 
+ 

(M+H) 


30 




-%- 


OMe. 
H 




J ^ • 








31 






6- 

h 

OMe. 

H 






0 




714 


32 






6- 

OMe. 
H 






0 




„ 742 


33 




-V' 


6- 

OMe, 

H 










739 


34 






6- 

OMe. 
H 






" H 


1 
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35 






6- 

OMe. 
H 


|-+^ 






^-'""V.x^^^ — ^ 
a. 


/ZD 


36 
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OMe, 
H 






" H 
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37 
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H 


— ^-H 
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H 
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" H 
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H 
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fi_ 
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H 






Q 
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OMe. 
H 


V' 




H ^ 


Oj 
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OMe. 
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'V 
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OMe, 
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Cmpd 




Ri 






R9 


R7 


Q 


Mass 
Spec. 

(M+H) 


44 




-^- 


OMe. 
H 






H 




s. 758 

V 


45 


V 




OMe 
H 






H r 




^ 786 

t. 


46 


V 




6- 

OMe, 
H 


-V" 




H 




, 783 


47 






6- 

OMe, 
H 


-V" 






0 
II 

*\ 
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48 


V 


r 


6- 

OMe, 
H 


-V- 




H ^ 




804 


49 




$ 


6- 

OMe. 
H 




> 
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50 






H, H 








a. 
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51 






H, H 






0 

H ^ 


*^ t 
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52 




p 


H, H 


-|-H 
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53 






6- 

OMe, 
H 


-|-H 




H " 
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54 




r 


6- 

OMe. 
H 






0 

-J M 1 


n. 
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H.H 
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^-^3 




708 



wo 2004/094452 



PCTAJS2004/011824 



207 



Cmpd 


Ra3 


Ri 








R7 


Q 


Mass 
Spec. 
+ 

(M+H) 


57 




-^■^ 






' -V 






ss 730 

X 


58 






. IL H 
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Example 50 
Biolo^cal Studies 

5 

Recombiaant HCV NS3/4A protease complex FRET peptide assay 

The purpose of this in vitro assay was to measiire the inhibition of HCV NS3 
protease complexes, derived from the BMS strain, H77C strain or J416S strain, as 
10 described below, by compounds of the present invention. This assay provides an 
indication of how effective compoimds of the present invention would be in 
inhibiting HCV proteolytic activity. 

Serum from an HCV-infected patient was obtained from Dr. T. Wright, San 

15 Francisco Hospital. An engineered fiiU-length cDNA (compliment deoxyribonucleic 
acid) template of the HCV genome (BMS strain) was constructed from DNA 
fragments obtained by reverse transcription-PCR (RT-PCR) of serum KNA 
(ribonucleic acid) and using primers selected on the basis of homology between other 
genotype la strains. From the determination of the entire genome sequence, a 

20 genotype 1 a was assigned to the HCV isolate according to the classification of 

Simmonds et al. (See P Simmonds, KA Rose, S Graham, SW Chan, F McOmish, BC 
Dow, BA FoUett, PL Yap and H Marsden, J. Clin. Microbiol., 31(6), 1493-1503 
(1993)). The amino acid sequence of the nonstructural region, NS2-5B, was shown to 
be >97% identical to HCV genotype la (H77C) and 87% identical to genotype lb 

25 (J4L6S). The infectious clones, H77C (la genotype) and J4L6S (lb genotype) were 
obtained from R. Purcell (NIH) and the sequences are published in Genbank 
(AAB67036, see Yanagi,M., Purcell,R.H., Emerson,S.U- and Bukh,J, Proc. Natl. 
Acad. Sci. U.S. A. 94(16),8738-8743 (1997); AF054247, see Yanagi,M., St Claire,M., 
Sh^iro,M., Emerson,S.U., PurcellJLH. and BnkhJ, Virology 244 (1), 161-172. 

30 (1998)). 

The H77C and J4L6S strains were used for production of recombinant 
NS3/4A protease complexes. DNA encoding the recombinant HCV NS3/4A 
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protease complex (amino acids 1027 to 171 1) for these strains were manipulated as 
described by P. Gallinari et al, (see Gallinari P, Paolini C, Brennan P, Nardi C, 
Steinkuhler C, De Francesco R. Biochemistry. 38(17):5620-32, (1999)), Briefly, a 
three-lysine solubilizing tail was added at the 3*-end of the NS4A coding region. The 
5 cysteine in the PI position of the NS4A-NS4B cleavage site (amino acid 171 1) was 
changed to a glycine to avoid the proteolytic cleavage of the lysine tag. Furthermore, 
a cysteine to serine mutation was introduced by PGR at amino acid position 1454 to 
prevent the autolytic cleavage in the NS3 helicase domain. The variant DNA 
fragment was cloned in the pET21b bacterial expression vector (Novagen)and the 

10 NS3/4A complex was expressed in Escherichia, coli strain BL21 (DBS) (Invitrogen) 
following the protocol described by P. Gallinari et al. (see Gallinari P, Brennan D, 
Nardi C, Bnmetti M, Tomei Steinkuhler C, De Francesco R., J Virol. 72(8):6758- 
69 (1998)) with modifications. Briefly, NS3/4A expression was induced with 0.5mM 
Isopropyl P-D-l-thiogalactopyranoside (IPTG) for 22hr at 20°C. A typical 

15 fomentation (lOL) yielded approximately 80g of wet cell paste. The cells were 
resuspended in lysis buffer (1 OmL/g) consisting of 25mM N-(2- 
Hydroxyethyl)Piperazine.NX2-Ethane Sulfonic acid) (HEPES), pH7.5, 20% 
glycerol, 500mM Sodium Chloride (NaCI), 0.5% Triton-XlOO, Imicrogram/miimiter 
("p.g/mL") lysozyme, 5mM Magnesium Chloride (MgCk), lug/ml Dnasel, 5mM p- 

20 Mercaptoethanol (pME), Protease inhibitor - Ethylenediamine Tetraacetic acid 
(EDTA) firee (Roche), homogenized and incubated for 20 mins at 4°C. The 
homogenate was sonicated and clarified by ultra-centrifugation at 235000g for Ihr at 
4'*C Imidazole was added to the supernatant to a final concentration of 15mM and 
the pH adjusted to 8.0. The crude protein extract was loaded on a Nickel - 

25 Nitrilotriacetic acid (Ni-NTA) column pre-equilibrated with buffer B (25mM 

HEPES, pH8.0, 20% glycerol, 500mM NaCl, 0.5% Triton-XlOO, 15mM imidazole, 
5mMpME). The sample was loaded at a flow rate of ImL/min. The column was 
washed with 15 column volumes of buffer C (same as buffer B except with 0.2% 
Triton-XlOO). The protem was eluted with 5 column volumes of buffer D (same as 

30 buffer C except with 200mM Imidazole). 
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NS3/4A protease complex-containing jfractions were pooled and loaded on a 
desalting column Superdex-S200 pre-equilibrated with buffer D (25mM HEPES, 
pH7.5, 20% glycerol, 300mM NaCl, 0.2% Triton-XlOO, lOmM pME). Sample was 
loaded at a flow rate of ImL/min. NS3/4A protease complex-containing fractions 
5 were pooled and concentrated to approximately 0.5mg/ml. Thepurity of theNS3/4A 
protease complexes, derived from the BMS, H77C and J4L6S strains, were judged to 
be greater than 90% by SDS-PAGE and mass spectrometry analyses. 

The enzyme was stored at -80°C, thawed on ice and diluted prior to use in 
10 assay buffer. The substrate used for the NS3/4A protease assay was RET SI 
(Resonance Energy Transfer Depsipeptide Substrate; AnaSpec, Inc. cat # 
22991)(FRET peptide), described by Taliani et al. in Anal. Biochem. 240(2):60-67 
(1996). The sequence of this peptide is loosely based on the NS4A/NS4B natural 
cleavage site except there is an ester linkage rather than an amide bond at the 
15 cleavage site. The peptide substrate was incubated with one of the three recombinant 
NS3/4A complexes, in the absence or presence of a compoimd of the present 
invention, and the formation of fluorescent reaction product was followed in real time 
using a Cytofluor Series 4000. 

20 The reagents were as follow: HEPES and Glycerol (Ultrapure) were obtained 

from GIBCO-BRL. Dimethyl Sulfoxide (DMSO) was obtained from Sigma. P- 
Mercaptoethanol was obtained from Bio Rad. 

Assay buffer: 5QmM HEPES, pH7.5; O.lSMNaCl; 0.1% Triton; 15% 
25 Glycerol; lOmM pME. Substrate: 2 pM final concentration (from a 2mM stock 
solution in DMSO stored at -20**C). HCV NS3/4A type la (lb), 2-3 nM final 
concentration (from a 5\}M stock solution in 25mM HEPES, pH7.5, 20% glycerol, 
300mM NaCl, 0.2% Triton-XlOO, lOmM pME). For compounds with potencies 
approaching the assay limit, the assay was made more sensitive by adding 50 (Xg/ml 
30 Bovine Serum Albumin (Sigma) to the assay buffer and reducmg the end protease 
concentration to 300 pM. 
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The assay was performed in a 96-well polystyrene black plate from Falcon. 
Each well contained 25 microliter ("pi") NS3/4A protease complex in assay buffer, 
SOpl of a compound of the present invention in 10% DMSO/assay buffer and 25\jd 
substrate in assay buffer. A control (no compoimd) was also prepared on the same 
5 assay plate. The enzyme complex was mixed with compound or control solution for 
1 min before initiating the enzymatic reaction by the addition of substrate. The assay 
plate was read immediately using the Cytofluor Series 4000 (Perspective 
Biosystems). The instrument was set to read an emission of 340nm and excitation of 
490rim at 25^C. Reactions were generally followed for approximately IS minutes. 

10 

The percent inhibition was calculated with the following equation: 
100-[(5FiW5FcoiOxlOO] 

15 where 5F is tiie change in fluorescence over the linear range of the curve. A non- 
linear curve fit was applied to the inhibition-concentration data, and the 50% 
effective concentration (IC50) was calculated by the use of Excel Xl-fit software using 
the equation, y=A+((B-A)/(l+((C/x)'^D))). 

All of the compounds tested were found to have IC50s of 1 .2 |uiM or less. 

20 Further, compounds of the present invention, which were tested against more than 
one type of NS3/4A complex, were found to have similar inhibitory properties 
though the compounds imiformly demonstrated greater potency against the lb strains 
as compared to the la sixains. 

25 Specificitv Assavs 

The specificity assays were performed to demonstrate the selectivity of the 
compounds of the present invention in inhibiting HCV NS3/4A protease as compared 
to other serine or cysteine proteases. 

30 

The specificities of compounds of the present invention were determined 
against a variety of serine proteases: hun^n neutrophil elastase (HNE), porcine 
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pancreatic elaistase (PPE) and human pancreatic chymotrypsin and one cysteine 
protease: human liver cathepsin B. In all cases a 96-well plate format protocol using 
colorimetric p-nitroaniline (pNA) substrate specific for each enzyme was used as 
described previously (PCX Patent Application No. WO 00/09543) with some 
5 modifications to the serine protease assays. All enzymes were purchased from Sigma 
while the substrates were fi-om Bachem. 



Each assay included a 2hr enzyme-inhibitor pre-uicubation at room 
temperature followed by addition of substrate and hydrolysis to --30% conversion as 
10 measured on a Spectramax Pro microplate reader. Compound concentrations varied 
from 100 to 0.4 micromolar ("|xM") depending on their potency. 

The final conditions for each assay were as follows: 

15 50 millimolar ("mM") Tris(hydroxymethyl)aminomethane hydrochloride 

(Tris-HCl) pH8, 0.5M Sodium Sulfate (Na2S04), 50mM NaCl, O.lmM EDTA, 
3% DMSO, 0.01% Tween-20 with: 

133 pM succ-AAA-pNA and 20nM HNE or 8nM PPE; 100 jiM succ-AAPF- 
pNA and 250pM Chymotrypsin. 

lOOmM NaHP04 (Sodium Hydrogen Phosphate) pH 6, O.lmM EDTA, 3% 
DMSO, ImM TCEP (Tris(2-carboxyethyl)phosphine hydrochloride), 0.01% 
Tween-20, SOpM Z-FR-pNA and 5nM Cathepsin B (enzyme stock activated in 
buflfer containing 20mM TCEP before use). 

The percentage of inhibition was calculated using the formula: 



[l-((UVinh-UVbiank)/(UVctl-UVblank))] X 100 



A non-linear curve fit was applied to the inhibition-concentration data, and 
the 50% effective concentration (IC50) was calculated by the use of Excel Xl-fit 
software. 
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HCV Replion assays were utilized in the present invention, and were 
prepared, conducted and validated as follows: 

5 Generation of HCV Replicon 

An HCV replicon whole cell system was established as described by 
Lohmann V, Komer F, Koch J, Herian U, Theilmann L, Bartenschlager R., Science 
285(5424): 1 10-3 (1999). This system enabled us to evaluate the effects of our HCV 

10 Protease compounds on HCV KNA replication. Briefly, using the HCV strain IB 
sequence described in the Lohmann papei: (Assession number: AJ23 8799), an HCV 
cDNA was synthesized by Operon Technologies, Inc. (Alameda, CA), and the ftill- 
length replicon was then assembled in plasmid pGem9zf(+) (Promega, Madison, WI) 
using standard molecular biology techniques. The replicon consists of (i) the HCV 5' 

15 UTR fused to the first 12 amino acids of the capsid protein, (ii) the neomycin 
phosphotransferase gene (neo), (iii) the IRES from encephalomyocarditis virus 
(EMCV), and (iv) HCV NS3 to NS5B genes and the HCV 3' UTR. Plasmid DNAs 
were linearized with Seal and RNA transcripts were synthesized in vitro using the T7 
MegaScript transcription kit (Ambion, Austin, TX) according to manufacturer's 

20 directions. To generate cell lines, 4 x 10^ Huh-7 cells (kindly provided by R. 

Bartenschlager and available from Health Science Research Resources Bank, Japan 
Health Sciences Foundation) were electroporated (GenePulser System, Bio-Rad) with 
10 microgram("|Xg") of RNA transcript and plated into 100-mm dishes. After 24h, 
selective media containing 1.0 milligrams/nulliliter C*mg/ml") G418 was added and 

25 media was changed every 3 to 5 days. Approximately 4 weeks after electroporation, 
small colonies were visible which were isolated and expanded for firrther analj^is. 
These cell lines were maintained at 37°C, 5% CO2, 100% relative humidity in 
DMEM (Cati^ 11965-084) Gibco-BRL, Rockville, MD, with 10% heat inactivated 
calf serum (Sigma), 10 ml of lOOX penicillin/streptomycin (Cat# 15140-122) Gibco- 

30 BRL, Rockville, MD, Geneticin (Ca^ 10131-027) Gibco-BRL, Rockville, MD at 1 
mg/ml. One of the cell lines (deposited as ATCC Accession No. PTA-4583 in the 
American Type Culture Collection) which had approximately 3,000 copies of HCV 
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replicon RNA/cell was used for development of the assay (HCV lb-377-neo replicon 
cells). 

FRET Assay 

5 

Huh7 cells, constitutively expressing the HCV replicon, were grown in 
Dulbecco*s Modified Eagle Media (DMEM) containing 10% Fetal calf serum (FCS) 
and Img/ml G418 (Gibco-BRL). Cells were seeded the night before (1.5 x 10"* 
cells/well) in 96-well tissue-culture sterile plates. Compound and no compound 
10 controls were prepared in DMEM containing 4% FCS, 1:100 Penicillin/ 

Streptomysin, 1:100 L-glutamine and 5% DMSO in the dilution plate (0.5% DMSO 
final concentration in the assay). Compound / DMSO mixes were added to the cells 
and incubated for 4 days at 37°C. After 4 days, cells were first assessed for 
cytotoxicity using alamar Blue (Trek Diagnotstic Systems) for a CC50 reading. The 
15 toxicity of compound (CC50) was determined by adding I/IO^ volume of alamar Blue 
to the media incubating the cells. After 4hr, the fluorescence signal firom each well 
was read, with an excitation wavelength at 530 nm and an emission wavelength of 
580 nm, usmg the Cytofluor Series 4000 (Perspective Biosystems). Plates were then 
rinsed thoroughly with Phosphate-Buffered Saline (PBS) (3 times 150 |xl). The cells 
20 were lysed with 25|jl of a lysis assay reagent containing an HCV protease substrate 
(5X cell Luciferase cell culture lysis reagent (Promega #E153A) diluted to IX with 
distilled water, NaCl added to 150 mM final, the FRET peptide diluted to 10 nM 
final firom a 2 mM stock in 100% DMSO). The HCV protease substrate (FRET 
peptide; AnaSpec, Inc. cat # 22991, described by Taliani et al. in Anal. Biochem. 
240(2):60-67 (1996)) contains a fluorescence donor, EDANS, near one end of the 
peptide and an acceptor, DABCYL, near the other end The fluorescence of the 
peptide is quenched by intermolecular resonance energy transfer (RET) between the 
donor and the acceptor, but as the NS3 protease cleaves the peptide the products are 
released jSrom RET quenching and the fluorescence of the donor becomes apparent. 
The plate was then placed into the Cytofluor 4000 instrument which had been set to 
340 imi excitation / 490 nm emission, automatic mode for 21 cycles and the plate 
read in a kinetic mode at 25°C. Reactions were generally followed for approximately 
IS minutes. 
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The percent inhibition for both efficacy and cytotoxicity were calculated with 
the following equation: 

5 100-[(5Fi^/8FcoD)xl00] 

where 8F is the change in fluorescence over the linear range of the curve. A 
non-linear curve fit was applied to the inhibition-concentration data, and the 50% 
effective concentration (EC50 and CC50) was calculated by the use of Excel Xl-fit 
10 software using the equation, y=A+((B-A)/(l+((Cyx)^D))). 



Luciferase Assay 

15 As a secondary assay, EC50 detenninations from the replicon FRET 

assay were confirmed in a luciferase reporter assay. Utilization of a repUcon 
luciferase reporter assay was first described by Krieger et al (Krieger N, Lohmann V, 
and Bartenschlager R, J. Virol. 75(10):4614-4624 (2001)). The repUcon construct 
described for our FRET assay was modified by replacing the resistance gene 

20 neomycin with a cassette containing Renilla Luciferase gene fused to a sequence 
representing an NS3 cleavage site (NS4A/B site), followed by the Blasicidin 
resistance gene (restriction sites Ascl / Pmel used for the subcloning). The adaptive 
mutation at position 1 179 (serine to isoleucine) was also introduced (Blight KJ, 
Kolykhalov, AA, Rice, CM, Science 290(5498): 1972-1974). A cell Une containing 

25 the replicon was selected and maintained in 1 .25 jig/ml Blasticidin. The luciferase 
reporter assay was set up by seeding the replicon cells the night before at a density of 
7000 cells/well in 96-well plates. One day later, media was changed to fresh DMEM 
containing 4% FBS and compound dilutions were prepared and added to a final 
concentration of 0.5% DMSO (final media volume of 150 td). Following an 

30 additional 4-day incubation in a 37**C / 5% CO2 incubator, cells were analyzed for 
Renilla luciferase activity using the Promega Dual-Glo Luciferase Assay System. 
Media (100 |Lil) was removed from each well. To the remaining 50 pi of media, 50 [}1 
of Dual-Glo Luciferase Reagent was added, and plates rocked for 10 minutes to 2 
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hours at room temperature. Dual-Glo Stop & Glo Reagent (50 ^.1) was then added to 
each well, and plates were rocked again for an additional 10 minutes to 2 hours at 
room temperature* Plates were read on a Packard TopCount NXT using a 
luminescence program. 

The percentage inhibition was calculated using the formula below: 

% control = average luciferase signal in experimental wells (H- compoxmd^ 
average luciferase signal in DMSO control wells (- compound) 

The values were graphed and analyzed using XLFit to obtain the EC50 value. 

Representative compoiinds of the invention were assessed in the HCV 
NS3/4A protease recombinant en23ane assay, the HCV replicon cell-based assay 
and/or in several of the outlined specificity assays. For example, Compound 2 was 
foxmd to have an IC50 of 26 nM against the BMS strain NS3/4A protease in the 
enzyme assay. Similar potency values were obtained with the published H77C (IC50 
of 4.2 nM) and J4L6S (IC50 of 1.9 nM) strains. The EC50 value in the replicon assay 
was 146 nM. 

In the specificity assays, the same compoxmd was found to have the following 
activity: HNE > 100 |LiM; PPE > 100 pM; Chymotrypsin > 100 |iM; Cathepsin B > 
100 (iM. These results indicate this family of compounds are highly specific for the 
NS3 protease and many of these members inhibit HCV replicon replication. 

The compounds tested were found to have activities in the ranges as follow: 

IC50 Activity Ranges (NS3/4A BMS Strain): A is <50pM; B is <5|jM; C is <0.5mM; 
D is <0.05pM 

EC50 Activity Range (for compounds tested): A is <50jxM; B is <5|jM; C is <0.5mM; 
Dis <0.05pM 
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Tables 6 & 7: Compound Activity Tables 
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Since clinical drag resistance often develops in viral infections following 
single-agent iJierapies, there is a need to assess the additive, antagonistic, or 
synergistic properties of combination therapies. We used the HCV replicon system, 
as described above, to assess the potential use of our NS3 protease macrocyclic 
5 inhibitor in combination therapies with Intron A and inhibitors targeting other HCV 
proteins. Three HCV antivirals, Intron A (recombinant Interferon alfa-2b) an HCV 
NS5A inhibitor having the following structure: 




10 MS(ESI) m/z= 691.2 (MH**); HPLC rt 1.21 min; Purity (99%), and an NS5B 
replicase inhibitor (compound 2006; WO 03/010141), were tested in 2-dmg 
combinations with the macrocyclic HCV NS3 protease inhibitor compound 28. In 
addition, compound 28 was also tested in 3-drug combinations with the NS5A and 
NSSB inhibitors. 

15 

For the experiments shown in Tables 8 and 9, inhibitors were tested at eleven 
concentrations each. 200x stock solutions of each inhibitor concentration were 
prepared by 2- or 3-fold dilution in DMSO prior to addition to cells/media. The 
drugs were tested as monotherapies and in combination with tiie NS3 protease 

20 inhibitor at various concentration ratios. Cells were exposed to compounds for 4 
days and the amoimt of HCV inhibition was then determined using the FRET assay. 
The potential cytotoxicities of these combined agents were also analyzed in parallel 
by Alamar Blue staining. The CC50 values for the compoimds presented were greater 
than the highest tested inhibitor concentration. The degree of antagonism, additivity, 

25 or synergy was determined over a range of drug concentrations, and combination 
response curves were fit to assess the antiviral effects of the drug treatment 
combinations. The concentration ratios were analyzed usiug the method of Chou 
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(Chou, Ting-Caiao, and Rideout OEditors), (1991) Synergism and Antagonism in 
Chemothercpy, P. 61-101, Academic Press, New York). Tables 8 and 9 report the 
estimated EC50 values for the compounds tested, as well as the combination indices 
(CI). All estimates were computed using S AS Proc NLIN, and a two-parameter 
5 logistic. All combination indices were tested for departure from additivity using 

isobologram methods. Asymptotic confidence intervals were also calculated for each 
of the combination indices. These intervals are used to test for departure from 
additivity by comparing the bounds to one - a lower bound of the interval greater than 
1 indicates antagonism, an upper boimd of less than 1 indicates synergism, and a 
10 value of 1 contained in the interval indicates additivity. 

In addition to the combination index approach, above, the Universal Response 
Surface Approach (URSA) was also used to assess the antiviral effects of 
combinations of NS5A or NS5B inhibitors with the NS3 protease inhibitor. The 
experiments were conducted in a matrixed format with 8 concentrations of NS3 
15 protease inhibitor crossed against 10 concentrations of NS5A or NS5B inhibitor on 
each of three plates. 200x stock solutions of each inhibitor concentration were 
prepared by 3-fold dilution in DMSO. Effects on replication were assessed in the 
HCV replicon system as described above. The data was analyzed using the URSA as 
described in Greco, Park and Rustum (Greco, Park, Sock, and Rustum (1990) 
20 Application of a New Approach for the Quantitation of Drug Synergism to the 
Combination of cis^Diamminedichloroplatinum and l-fi-D- 

Arabinofuranosylcytosine, Cancer Research, 50, 5318-5327). The interaction of the 
two drugs was assessed by using non-linear regression with a bisection algorithm. 
Seven parameters were estimated. These include the minimal response or response in 
the absence of drug, the maximal response or response in the presence of infinite 
drug, ECso's for the two drugs, slope parameters for the two dmgs, and the drug 
interaction parameter a which provides the assessment of synergism, antagonism or 
additivity. Tables 10 and 1 1 present key estimated parameters and standard errors. 
Additivity is implied when a is equal to zero, synergy if the interaction parameter is 
larger than zero, and antagonism when the interaction parameter is less than zero. 
The confidence interval for the interaction parameter is also presented. This interval 
is used to test for departure from additivity by comparing the bounds to zero - a lower 
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10 



bound of the interval greater than zero indicates synergy, an upper bound of less than 
zero indicates antagonism, and a value of zero contained in the interval indicates 
additivity. 



Table 8 summarizes data from combinations of compoimd 28 with Intron A. 
EC50 values for each monotherapy are also presented. In two experiments, 
combination of compound 28 with Intron-A yielded either synergistic or additivity 
effects at the 75%, 90, and 95% effective doses. 

The effects of compound 28 in combination with the HCV NS5A inhibitor are 
simunarized in Table 9. Synergy or additivity was observed in two experiments at the 
75, 90, and 95% effective doses of compound 28. hnportantly, no drug antagonism 
was observed at the 75, 90, or 95% effective doses when compound 28 was 
combined with the HCV NS5A inhibitor, or Mterferon alfa-2b. Follow-up 
experiments using these same inhibitor combinations in the matrix format (Table 10) 
yielded results similar to the combination index experiments; additivity for the 
combination of the NS5A inhibitor with compound 28. 




Pnitease Inhibitor 
CScmipoiind 28 




NSSA Inhibitor 



Rq^Iicase Inhibitor 
Compoimd Y» WO 03/010141 
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The matrix format was also used to examine the activity of combinations of 
the HCV NS5B inhibitor, with compound 28 (Table 1 1). In two experiments, overaU 
additivity was observed. 

5 

Compound 28 was also tested in 3-drug combination experiments with the 
NS5A inhibitor and the NS5B inhibitor (Table 12). The starting concentrations for 
the mono-therapies consisted of a 0.667 pM solution of the NS5A inhibitor, a 0.3 |jM 
solution of compound 28, and a 2.5fiM solution of the NS5B inhibitor. The starting 

10 concentration for the triple combination contained a mixture of 1/3 of each of the 
above concentrations. Dose response curves for all three mono-therapies and the 
triple combination therapy were obtained using 3 -fold dilutions, and data analysis 
was carried out as described above for combination index experiments. Synergistic 
effects were observed using the triple combination. No drug antagonism was 

15 observed at the 75, 90, or 95% effective doses with the 3-drug combination. 

These results demonstrate that combination treatment of replicon ceUs with 
the HCVNS3 protease inhibitor, compound 28 and Intron A, and/or inhibitors 
targeting HCV NS5A and/or NS5B, yield additive to synergistic antiviral effects. 
The ability to use these NS3 protease inhibitors in combination therapy can provide 
20 major advantages over single drug therapy for the treatment of HCV. 



TABLE 8: Two Drug Combinations with Interferon alfe-2b 



Expt 


NS3 
protease 
inhibitor 
EC50, MM 


Interferon 
alfa-2b 
EC50, 

units per 
ml 


Molar 
ratio, NS3 

protease 
inhibitor to 
Interferon 

alfa-2b 


Combination Indices 
(confidence interval) 


Overall 
Result 










75% 

effective 


90% 

effective 


95% 
effective 




1 


0.008 


20 


2:5 


0.67 
(0.53,0.8) 


0.59 
(0.4,0.77) 


0.56 
(0.33,0.7 

9) 


Synergy 








1:1 


0.57 
(0.48,0.6 
6) 


0.5 
(0.38,0.6 
2) 


0.46 
(0.32,0.6 


Synergy 
















Additivit 
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4:25 


1.02 
(0.88,1.1 
6) 


0.64 
(0.5,0.78) 


0.5 
(0.36,0.6 
4) 


yat75%; 
Synergy 
at 90, 
95% 


2 


0.01 


51 


2:5 


0.59 
(0.43,0.7 
4) 


0.38 
(0.22,0.5 
4) 


0.28 
(0.13,0.4 
3) 


Svnerffv 








1:1 


0.50 
(0.44,0.5 
6) 


0.33 
(0.27,0.3 
9) 


0.25 
(0.19,0.3 

1) 


Synergy 








4:25 


1.03 
(0.87^1.1 
9) 


0.65 
(0.50,0.8 
1) 


0.48 

(0.33,0.6 

3) 


Additivit 
yat75%; 
Synergy 
at 90, 

95% 



TABLE 9: Two Drug Combinations with an NS5A inhibitor 



Exp 


t NS3 
protease 
inhibitor 
EC50, nM 


NS5A 
inhibitor 
EC50, ilM 


1 Molar 
ratio, NS3 
protease 
iidiibitor to 
NS5A 
inhibitor 


Combination Indices 
(confidence interval) 


Overall 
Kesuit 










75% 
effectiv 
e 


90% 
effective 


95% 
effective 




I 


0.009 


0.043 


3:100 


0,66 
(0.47,0.8 
5) 


0.61 
(0.35,0.88 
) 


0.59 
(0.27,0.91 
) 


Synergy 








3:250 


0.57 
(0.41,0.7 
3) 


0.62 
(0.36,0.89 
) 


0.66 
(0.3,1.02) 


Additivit 
yat95%; 
Synergy 

at 75, 

90% 








3:40 


0.73 
(0.55,0.9 
) 


0.64 
(0.43,0.85 

) 


0.59 
(0.34,0.83 

) 


Synergy 


2 


0.011 


0.005 


1:5 


1.1 
(0.91,1.3 

) 


1.15 
(0.82,1.47 
) 


1.18 

(0.75,1.61 

) 


Additivit 

y 








2:25 


1.24 (1.0, 
1.49) 


1.19 
(0.81, 
1.58) 


1.16 

(0.67. : 
1.65) 


Additivit 

Y 








1:2 


1.0 
(0.88,1.1 
4) 


0.83 
(0.67,1.0) 


0.73 . 
(0.54,0.92 
) 


\dditivit 

at 75%; 
Synergy 



wo 2004/094452 



256 



PCT/US2004/011824 

















at 90, 
95% 



TABLE 10: Two Drug Combinations with an NS5A inhibitor: matrix studies 







Standard Error 


Overall Result 


Compoiind 28 EC50. uM 


0.009 


0.52 




NS5A inhibitor EC50. \iM 


0.008 


0.46 




Interaction parameter alpha 
(confidence interval) 


0.63 
(-0.09. 1.36) 


0.37 


Additivity 



TABLE 11: Two Drug Combinations with an NS5B inhibitor: matrix studies 





Exptl 


Standard 
Error 


Overall 
Result 


Expt2 


Standard 
Error 


Overall 
Result 


Conopound 28 EC50, 
UM 


0.015 


0.53 




0.020 


0.87 




NS5B inhibitor 
EC50, pM 


0.059 


2.63 




0.050 


2.39 




Interaction 
parameter alpha 
(confidence interval) 


0.47 
(-0.05, 
1.0) 


0.27 


Additivity 


0.31 
(-0.22, 
0.83) 


0.27 


Additivity 



10 

TABLE 12: Three Drug Combination Studies 



Expt 


NS3Pr 
inhibitor 
EC50, 
jjM 


NS5A 
inhibitor 
EC50, 
MM 


NS5B 
inhibitor 
EC50, 
MM 


Molar 
ratio, 
NS3 
protease 
inhibitor 
toNSSA 
inhibitor 
toNSSB 
inhibitor 


NS5B 
inhibito 
rEC50, 
MM 


Combination Indices 
(confidence interval) 


Overall 
Result 














75% 
effective 


90% 
effective 


95% 
effectiv 
e 




1 


0.008 


0.005 


0.052 


9:20:75 


0.052 


0.78 
(0.62,0.9 
4) 


0.7 
(0.47,0. 
93) 


0.65 
(0.37,0. 
93) 1 


Synergy 
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2 


0.009 


0.009 


0.064 


9:20:75 


0.064 


0.71 


0.58 


0.52 


Synergy 














(0.6,0.81 


(0.44,0. 


(0.36,0. 














) 


72) 


67) 





Those skiUed in the art will recognize that although the invention has been 
described above with respect to specific aspects, other aspects are intended to be 
within the scope of the claims which follow. All documents referenced herein are 
hereby incorporated by reference as if set out in fiill. 



10 
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CLAIMS 



What is claimed is: 



1 . A compound of formula I: 



R3 R2 




10 



wherein: 



15 



20 



(a) Rl, R2, R3, R4, R5 and R« are each independently H; Ci-e alkyl; C3-7 
cycloalkyl; Ci^ alkoxy; C3-7 cycloalkoxy; halo-Ci-6 alkoxy; halo-Ci-e alkyl; 
cyano; halo; hydroxyl; Ci-6 alkanoyl; nitro; amino; mono or di-(Ci-6) alkyl 
amine; mono or di-(C3.7) cycloalkyl amine; mono or di-Ci^ aUcylamide; mono 
or di-(C3-7) cycloalkyl amide; carboxyl; (Ci-e) carboxyester; thiol; Ci-6 
thioalkyl ; Ci-6alkylsulfoxide;Ci-6alkylsulfone; Ci^alkylsulfonamide; Ce-io 
aryl optionally substituted with Het; C7-14 alkylaryl; Cs-io aryloxy; C7-14 
alkylaryloxy; 4-7 membered monocyclic heteroaryloxy; or Het; said Rj to R^ 
optionally attached to the isoquinoline group by a Ci^ alkyl linking group; 
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(b) R7 is NH2 or -NRioRii; wherein Rio is Ci-6 alkyl, Ci-6 haloalkyl, 
C(0)-NRi2Ri3, C(0>0Ri4, C(0)-SRi5, or -.C(0)-Ri6; Rii is H, Ci^ alkyl or 
Ci-6 haloalkyl, provided that if either R12 or Ru is H then Ru is H; 

5 R12 and R13 are each independently H; Ci-6 alkyl, C3-7 cycloalkyl or C4-10 

alkylcycloalkyl, each optionally substituted with halo, C1-3 alkoxy, C1.3 
haloaJkoxy, C1.3 alkyl or C1.3 haloalkyl; or aryl; and wherein R12 and R13 
together with the nitrogen to which they are bonded can form a 4-7 membered 
heterocycle; 

10 Ri4 and R15 are each independently C1.6 alkyl, C3-7 cycloalkyl or C4.10 

alkylcycloaJkyl, each optionally substituted with halo, C1-3 alkoxy, C1.3 
haloalkoxy, C1.3 alkyl or C1-3 haloalkyl; aryl or Het; R16 is H; Ci^ alkyl, C3-7 
cycloalkyl or C4_ioalkylcycloalkyl, each optionally substituted with halo, C1.3 
alkoxy, C1-3 haloalkoxy, C1-3 alkyl or C1-3 haloalkyl; aryl or Het; 

15 

(c) Rg and R9 are each independently H or C1.3 alkyl optionally 
substituted witti halo, or C1-3 alkoxy, or C1-3 haloalkoxy; 



(d) Q is a C3-9 saturated or unsaturated chain optionally containing one to 
20 three heteroatoms independently selected from O, S(0)in; wherein m is 0, 1 or 

2, or NR17, wherein Rn is H; Ci-6 alkyl or Ci-6 cycloalkyl, each optionally 

substituted with halo, Ci^ alkoxy, cyano or Ci-6 haloalkoxy; -C(0)-Ri8, C(0)- 

OR19, C(0)-NR2oR2i or -SO2R22; Ris, R20.and R21 are each independently H; 

Ci_6 alkyl or C1.6 cycloalkyl, each optionally substituted with halo, Ci^ 
25 alkoxy, cyano or Ci-6 haloalkoxy; R19 is Ci^ alkyl or Ci^ cycloalkyl, each 

optionally substituted with halo, Ci-6 alkoxy, cyano or Ci-6 haloalkoxy; 

R22 is aryl, Ci^ alkyl or Ci-6 cycloalkyl, each optionally substituted with halo, 

Ci^ alkoxy, cyano or Ci^ haloalkoxy; and 



30 



(e) W is OH, - NH-SOn-R23, or NH-SOn- R24; wherein n is 1 or 2, R23 is 
Ci^ alkyl, C4-10 alkylcycloalkyl, unsubstituted C3-7 cycloalkyl, or cyclopropyl 
or cyclobutyl optionally substituted with C?^ alkylaiyl or Cm alkyl optionally 
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substituted with halo, C1.3 alkoxy, cyano, amine, mono or di-Ci-6 alkylamine, 
mono or di-Ci^ alkylamide or carboxylate; and R24 is Ce-io aryl or Het; 

or a pharmaceutically acceptable enantiomer, diastereomer, salt, solvate or prodrug 
5 thereof. 

2. The compound of Claim 1 wherein Ri is bonded to the C3 position and is 
selected fromH; Ci^alkyl; C3-7 cycloalkyl; Ci^alkoxy; C3-7 cycloalkoxy; halo-Ci^ 
alkoxy; halo-Cre alkyl; cyano; halo; Ci^ alkanoyl; mono or di-(Ci-6) alkyl amine; 

10 mono or di-Ci-6 alkylamide; carboxyl; Ce-io aiyl optionally substituted with Het; C7.14 
alkylaryl; Ce-io aryloxy or Het. 

3. The compound of Claim 1 wherein R2, R3, and R4 are bonded to the C4, C5 and 
Cs positions, respectively, and are each independently selected from H; Ci^ alkyl; C3. 

15 7 cycloalkyl; C1.6 alkoxy; C3.7 cycloalkoxy; halo-Ci^ alkoxy; halo-Ci-e alkyl; cyano; 
halo; hydroxyl; Ci^ alkanoyl; mono or di-(Ci^) alkyl amine; mono or di-(C3.7) 
cycloalkyl amine; mono or di-Ci^ alkylamide; mono or di-CCs.?) cycloalkyl amide; 
carboxyl; Cmo aryl optionally substituted with Het; C7.14 alkylaryl; Ce-io aryloxy; or 
Het. 

20 

4. The compound of Claim 1 wherein R5 and Re are bonded to the C7 and Cg 
positions, respectively, and are each independently selected from H; C1-3 alkyl; Ca^ 
cycloalkyl; C1.3 alkoxy; Cs^ cycloaUcoxy; halo-Ci-3 alkoxy; halo-Ci-3 alkyl; cyano; 
halo; hydroxyl; C1.3 alkanoyl; mono or di-(Ci.3) alkyl amine; mono or di-(C3^) 

25 cycloalkyl amine; mono or di-Ci.3 alkylamide; mono or di-(C3-4) cycloalkyl amide; or 
carboxyl. 

5. The compoimd of Claim 1 wherein Q is a C3.9 saturated or unsaturated chain 
optionally containing one to three heteroatoms independently selected from O, 

30 S(0)ni; wherein m is 0, 1 or 2, or NR17, wherein R17 is H; C1.6 alkyl, Ci-6 cycloalkyl, - 
C(0)-Ri8.C(0)-ORi9, C(0)-NR2oR2i or -SO2R22. 
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6. The compomd of Claim 5 wherein Rjg, R2o.and R21 are each independently H; 
C1.6 alkyl or Ci^ cycloalkyl; R19 is Ci-6 alkyl or Ci^ cycloalkyl; and R22 is aryl. Ci^ 
alkyl or Ci-6 cycloalkyl, each optionally substituted with halo. 

5 7. The compound of Claim 1 wherein W is OH, - NH-SOn-Raa, or NH-SOn- R24 
wherein n is 1 or 2, R23 is unsubstituted C3-7 cycloalkyl, or cyclopropyl or cyclobutyl 
optionally substituted with Cj,^ alkylaryl or Cm alkyl; and R24 is C6.10 aryl or Het 

c 

8. A compound of formula II: 

10 



R3 R2 




n 

15 

wherein: 

(a) Ri is H; Ci^ alkyl; C3-7 cycloalkyl; Ci^ alkoxy; C3-7 cycloaUcoxy; halo- 
Ci-ealkoxy; halo-Ci-6 alkyl; cyano; halo; Ci-6 alkanoyl; mono or di-(Ci-6) 
20 alkyl amine; mono or di-Ci^ alkylamide; carboxyl; Ce-io aryl optionally 

substituted with Het; C7-14 alkylaryl; C6-10 aryloxy or Het; said Ri optionally 

attached to the isoquinoline group by a Ci^ aUcyl ItTilHng group; 

R2, R3. and R4 are each independently H; Ci-6 alkyl; C3.7 cycloalkyl; Ci^ 
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alkoxjr, C3-7 cycloalkoxy; halo-Ci-eaJkoxsr, halo-Ci-6 alkyl; cyano; halo; 
hydroxyl; Ci^ alkanoyl; mono or di-(Ci^) alkyl amine; mono or di-CCa-y) 
cycloalkyl amine; mono or di-Ci-galkylamide; mono or di-(C3.7) cycloalkyl 
amide; carboxyl; Ce-io aiyl optionally substituted with Het; C7-14 alkylaryl; C^. 
ID aryloxy; or Het; said R2 to R4 optionally attached to the isoquinoline group 
by a C1.3 alkyl linki ng group; R5 and are each independently H; C1.3 alkyl; 
€3^ cycloalkyl; C1-3 alkoxy; Ca^ cycloalkoxy; halo-Ci.3 alkoxy; halo-Ci-3 
alkyl; cyano; halo; hydroxyl; C1-3 alkanoyl; mono or di-(Ci.3) alkyl amine: 
mono or di-(C3-4) cycloalkyl amine; mono or di-Ci-3 alkylamide; mono or di- 
(Cs^) cycloalkyl amide; or carboxyl; 

(b) R7 is NH2 or -NRioRn; wherein Rio is Ci^ alkyl, Ci^ haloalkyl, 
C(0)-NRi2Ri3, C(0)-0Ri4, or -C(0)-R,6; Rn is H, C1.6 alkyl or Ci^ 
haloalkyl, provided that if either R12 or R13 is H then Ri 1 is H; R12 and R13 are 
each independently H; Cue alkyl, C3.7 cycloalkyl or C4-10 alkylcycloalkyl, each 
optionally substituted with halo, C1-3 alkoxy, C1.3 haloalkoxy, C1.3 alkyl or Ci. 
3 haloalkyl; and wherein Rn and R13 together with the nitrogen to which they 
are bonded can form a 4-7 membered heterocycle; R14 and R15 are each 
independentiy Ci^ alkyl, C3-7 cycloalkyl or C4-10 alkylcycloalkyl, each 
optionally substituted with halo, C1-3 alkoxy, C1-3 haloalkoxy, Ci_3 alkyl or Ci. 
3 haloalkyl; Rieis H; Ci^ alkyl, C3.7 cycloalkyl or C4-10 alkylcycloalkyl, each 
optionally substituted with halo, C1.3 alkoxy, C1.3 haloalkoxy, C1.3 alkyl or Ci. 
3 lialoalkyl; aryl or Het; 

(c) Rg and R9 are each independentiy H or C1.3 alkyl optionally 
substituted with halo, or C1.3 alkoxy, or C1-3 haloalkoxy; 

(d) Q is a C3.9 saturated or unsaturated chain optionally containing one to 
three heteroatoms independently selected from O, S(0)m; wherein m is 0, 1 or 
2, or NR17, wherein R17 is H; Ci-a alkyl, Ci^ cycloalkyl, -C(0)-Ri8. C(0)- 
OR19, C(0>NR2oR2i or -SO2R22; R18, R20,aQd R21 are each independently H; 
Ci-6 alkyl or Ci-6 cycloalkyl; R19 is Ci^ alkyl or Ci-6 cycloalkyl; R22 is aiyl, 
Ci^ alkyl or Ci^ cycloalkyl, each optionally substituted with halo; and 
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(e) W is OH, - NH-SOn-R23 or NH-SOn- R24. wherein n is 1 or 2, R23 is 
unsubstituted C3.7 cycloalkyl, or cyclopropyl or cyclobutyl optionally 
substituted with C7-9 alkylaryl or Ci^ alkyl; and R24 is Ce-io aryl or Het; 

5 

or a phannaceutically acceptable enantiomer, diastereonoier, salt, solvate or prodrug 
thereof. 

9. The compound of Claim 8 wherein Ri is B; C1-3 alkoxjr, mono or di-(Ci^) 
10 aJkyl amine; a 5 or 6 menibered monocyclic heterocycle; or Q-io aryl optionally 

substituted with a 5 or 6 membered monocycUc heterocycle. 

10. The compound of Claim 8 wherein R2, R3, R4 and R5 are each independently 
H; Ci^alkoxy; halo-Ci-6 alkoxy; hydroxyl; or mono or di-(Ci-6) alkyl amine. 

15 

1 1 . The compound of Claim 8 wherein R7 is NH2 or -NHRio; wherein Rio is 
C(0)-N Ri2Ri3,or C(0)-0Ri4; and R12 and Ri3 are Ci^ alkyl optionally substituted 
with halo; and R14 is Ci^ alkyl or C3-7 cycloalkyl optionally substituted with halo . 

20 1 2. The compound of Claim 8 wherein Q is a C5-7 membered chain having one 
double bond optionally containing one heteroatom independently selected jfrom O, 
S(0)ni; wherein in is 0, 1 or 2, or NR17, wherem Rn is H; Ci-6 alkyl or Ci^ 
cycloalkyl. 

25 13. The compound of Claim 8 wherein Q has the following stmcture: 
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wherein P is a C3 saturated chain optionally containing one heteroatom independently 
selected from O, S(0)n,; wherein m is 0, 1 or 2, or NR17. 

14. The compound of Claim 8 wherein W is - NH-SOn-Raa, wherein n is 1 or 2 
5 and R23 is unsuhstituted C3-7 cycloalkyl, or cyclopropyl or cyclobutyl optionally 

substituted with C7.9 alkylaryl or Cm alkyl. 

1 5. The compound of Claim 8 whereia W is NH-SOn- R24, wherein n is 1 or 2 and 
R24 is Het. 



10 



1 6. The compound of Claim 1 5 wherein said Het is selected from tiie group 
consisting of: 



v^S NO, 
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S 17. A compouad of fomiula ni: 
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R3 R2 




5 wherein: 

(a) Ri is H; C1-3 alkoxy; di-(Ci^) alkyl amine; a 5 or 6 membered 
monocyclic heterocycle; or Ce-io aryl optionally substituted with a 5 or 6 
mmibered monocyclic heterocycle; R2, R3, R+and R5 are each independently 

10 H; C1.3 alkoxjr, halo; or di-(Ci^) alkyl amine; 

(b) R7 is -NHRio; wherein Rio is C(0)-NHRi3,or C(0)-0Ri4; R13 and R14 
are Ci^ alkyl; 

15 (c) Q is a Cs.7 membered chain having one double bond optionally 

containing one heteroatom independentiy selected from O, S(0)ii^; wherein m 
is 0, 1 or 2, or NR17, wherein Rn is H; Ci^ alkyl or Ci-6 cycloalkyl; and 

(d) R23 is unsubstituted C3.7 cycloalkyl, or cyclopropyl or cyclobutyl 
20 optionally substituted with C7-9 alkylaryl or C1-4 alkyl; 

or a pharmaceutically acceptable enantiomer, diastereomer, salt, solvate or prodmg 
thereof. 



wo 2004/094452 



PCT/US2004/011824 



267 

1 8. The compound of Claim 17 wherein Ri is selected from the group consisting 
of pyridine, moipholine, piperazine, oxazole, isoxazole, thiazole, imidazole, pyrrole 
and pyrazole. 

5 

1 9. The compound of Claim 1 7 wherein Ri is phenyl optionally substituted with 
one or more members selected from the group consisting of selected from the group 
consisting of C1-3 alkoxy, halo, carboxyl, di-(Ci.3) alkyl amine, C1.3 haloalkyl, 
trifluoromethyl, trifluoromethoxy and hydroxy. 

10 

20- The compound of Claim 17 wherein Ri is di-(Ci.3) alkyl amine. 

2 1 . The compound of Claim 1 7 wherein Ri is piperazine substituted with one or 
more m^bers selected from the group consisting of C1-3 alkyl, C5-7 cycloalkyl or 

15 pyridine. 

22. The compoimd of Claim 1 7 wherein R2 is chloro or fluoro. 

23. The compound of Claim 1 7 wherein R2 is di-(Cu3) alkyl amine or methoxy. 

20 

24. The compoxmd of Claim 17 wherein Q has a structure selected from the 
following: 
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25. The compoxmd of Claim 17 wherein Q has a structure selected from the 
following: 



a. 



CO 



a. 



00 



Rl7 

I 



H V, V. -^^ 



00 



00 



26. A compound selected from the group consisting of 
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O H 



Me 



O " ftte O " Me 



MeO, 




OCF51 



Me^N 



'OH Kte 




OCP, 




OMe 



'OH ^ 



He 



MeO. 



V^^" 




O "'/i 
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op. 



1 — V 14 o on T 



N==V 




3 



>,o,«^°t::5" \-r^'^" 
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MMej 



VrSj^V-v CVBjsV^ Vy"xV^ 

^v/^ ^vs»bi5 \vy:?^ 



MeO. 




OCF, 




OCP3 



Me2N 




OMe 



W«sV^ CV«sV^ 'O^^sVX; 



o 



7 — k f. u u .0 I 



W^kV^ „VtW 

>r'YSi^O ^<y5^5 YY^.^ 



27. A coniposition comprising the compound of Claim 1 and a pharmaceutically 
acceptable carrier. 



28. The composition according to Claim 27 further comprising a compound 
having anti-HCV activity. 



29. The composition according to Claim 28 wherein the compound having anti- 
10 HCV activity is an interferon. 
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30. The composition according to Claim 29 wherein the interferon is selected 
from the group consisting of interferon alpha 2B, pegylated interferon alpha, 
consensus interferon, interferon alpha 2A, and lymphoblastiod interferon taxL 

5 

3 1 . The composition according to Claim 28 wherein the compound having anti- 
HCV activity is selected from the group consisting of interleukin 2, interleuldn 6, 
interleukin 12, a compound that enhances the development of a type 1 helper T cell 
response, interfering RNA, anti-sense RNA, Imiqimod, ribavirin, an inosine 5 - 

10 monophospate dehydrogenase inhibitor, amantadine, and rimantadine. 

32. The composition according to the Claim 28 further comprising an interferon 
and ribavirin. 

15 33. The composition according to Claim 28 wherein the compound having anti- 
HCV activity is a small molecule compound 

34. The composition according to Claim 28 whereia the compound having anti- 
HCV activity is effective to inhibit the function of a target selected from the group 

20 consisting of HCV metalloprotease, HCV serine protease, HCV polymerase, HCV 
helicase, HCV NS4B protein, HCV entry, HCV assembly, HCV egress, HCV NS5 A 
protein, IMPDH and a nucleoside analog for the treatment of an HCV infectioiL 

35. A method of inhibiting the function of the HCV serine protease 

25 comprising contacting the HCV serine protease with the compound of Claim 1 , 

36. A method of treating an HCV infection in a patient, comprising administering 
to the patient a thempeutically effective amount of the compound of Claim 1 , or a 
pharmaceutically acceptable enantiomer, diastereomer, solvate, prodrug or salt 

30 thereof 

37. The method according to Claim 36 wherein the compound is effective to 
inhibit the function of the HCV serine protease. 
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38. The method according to Claim 36 further comprising adroinistering another 
compound having anti-HCV activity prior to, after or simultaneously with the 
compound of Claim 1 . 

5 

39. The method according to Claim 38 wherein the other compound having anti- 
HCV activity is an interferon. 

40. The method according to Claim 39 wherein the interferon is selected from 
10 the group consisting of interferon alpha 2B, pegylated interferon alpha, consensus 

iaterferon, interferon alpha 2A, lymphoblastiod interferon tau. 

41 . The method according to Claim 3 8 wherein the other compound having anti- 
HCV activity is selected from the group consisting of interleukin 2, interleukin 6, 

15 interleukin 12, a compound that enhances the development of a type 1 helper T cell 
response, interfering RNA, anti-sense RNA, hniqimod, ribavirin, an inosine 5'- 
monophospate dehydrogenase inhibitor, amantadine, and rimantadine. 

42. The method according to Claim 38 wherein the compound having anti-HCV 
activity is a small molecixle. 

43. The method according to Claim 42 vsiierein the compound having anti-HCV 
activity is effective to inhibit the function of a target selected from the group 
consisting of HCV metalloprotease, HCV serine protease, HCV polymerase, HCV 
helicase, HCV NS4B protein, HCV entry, HCV assembly, HCV egress, HCV NS5 A 
protein, IMPDH and a nucleoside analog for the treatment of an HCV infection. 

44. The method according to Claim 38 wherein the other compound having anti- 
HCV activity is eflEective to inhibit the function of target in the HCV life cycle other 
than the HCV serine protease. 

45. Use of the compound of Claim 1 for the manufacture of a medicament for 
treating HCV infection in a patient 
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46- Use of the composition of Claim 27 for the manufecture of a medicament for 
treating HC V infection in a patient. 

5 47. A process for resolving a mixture of alkyl ester enantiomers comprising 
contacting the mixture with an enzyme effective to preferentially promote the 
hydrolysis of one of the enantiomers; characterized in that the contacting is 
conducted in the presence of a buffer. 

10 48. The process of claim 47 wherein the alkyl ester has the following fonnida: 




wherein:. 

15 

R25 is an amino protecting group; and 

R26 is selected fix>m flie group consisting of Ci.io alkyl, Ce-n aryl, C7-16 alkylaryl, 
C3.7 cycloalkyl or C3-10 alkyl cycloaUcyl. 

20 49. The process of claim 47 wherein the buffer is selected from the 
group consisting of phosphates, borates and carbonates. 

50. The process of claim 47 wherein the enzyme is a protease. 

25 51. The process of claim 47 wherein the enzyme is selected from the group 

consisting of Bacillus globigii. Bacillus licheniformis. Bacillus halodurans. Bacillus 
clausii , Aspergillus oryzase and mixtures thereof. 

52. The process of claim 51 wherein the enzyme is selected from the group 
30 consisting of Alcalase® (subtilisia protease), Savinase® (subtilisin protease). 
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Esperase (subtilisn protease), Flavouizyme™ (fungal protease) and mixtures 
thereof. 

53. The process of claim 47 wherein the contacting is conducted at pH of fix)m 
5 about 7.0 to 11. 

54. The process of claim 47 wherein the contacting is conducted at a temperature 
of jfrom about 30 to 60^C. 

10 55. The process of claim 47 wherein the contacting is conducted for a time of less 
than about seven days. 



15 



56. The process of claim 55 wherein the contacting is conducted for a time of 
from about two hoiurs to three days. 



